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Abstract 
Public health still needs to better understand how older people’s life circumstances 
influence key risk factors for chronic disease, and also how women and men differ in their 
exposures and outcomes.  This dissertation aimed to examine, separately for women and 
men, the role and inter-relationships of factors describing the economic and social contexts 
in relation to healthful eating and adiposity.  A systematic review of economic determinants 
of diet in the elderly indicated that longitudinal evidence remains limited and focused on 
employment-related changes affecting diet.  Thus, novel economic variables concerning 
financial hardship (FH) were examined in over-50s from the population-based EPIC-Norfolk 
cohort for associations with quantity and variety of fruit and vegetable intake, as proxies for 
healthful eating.  FH was inversely associated with variety, more than quantity, independent 
of socioeconomic status (SES).  Given the importance of social contexts for diet, it was 
notable that three aspects of structural social relationships were each associated with 
variety differently for women and men and, when combined, differed across categories of a 
second social tie. The next study of EPIC data investigated inter-relations between multiple 
economic variables, including FH, and social ties, demonstrating a magnification of unit 
differences in variety when economic and social disadvantage occurred simultaneously.  
Obesity is another chronic disease risk factor with known social gradients; thus a fourth 
study in EPIC examined associations of FH and SES with objectively measured obesity.  All 
three FH measures were independently associated with general and central obesity, with the 
strongest relationships between greatest level of difficulty paying bills and central obesity in 
women, and general obesity in men.  Finally, a longitudinal study of civil servants (Whitehall 
II) showed a strong association of persistent FH with 11-year adjusted mean weight change, 
and excess gain, in women only, which was not explained by any of the six potential 
mechanisms examined in mediation analyses.  In sum, everyday financial troubles 
constituted a unique economic influence on diet quality and obesity in older adults, and the 
influence of a given economic or social factor on diet quality was modified when another 
 xii 
social factor was also considered.  Unique aspects of economic or social circumstances, and 
their different combinations, must be considered separately in future public health research 
and practice as each reflects a distinct process of social differentiation and hence adds to our 
understanding of contextual influences on chronic disease risk factors. 
 
  
 
 

 1 
CHAPTER 1 Background and Introduction 
1.1 Background context—why focus on older adults? 
Healthy ageing across the lifespan is an important public health and policy issue in the EU 
and elsewhere.1  Governments, including the UK, are facing not only a growing number of 
older-age individuals from changing demographics, but also a higher number of older adults 
who are in poor health.  Many older people have one or more chronic conditions, often co-
occurring, such as type 2 diabetes (T2D), hypertension, cardiovascular diseases (CVD), 
depression and dementia; and, the burden these place on individuals, their families and 
society at large is expected to increase.2  The total number of people over 65 in England is 
estimated to rise by 50% over the coming two decades,3 with several million estimated to 
have degrees of disability requiring daily personal help.4 
In response, many countries are redesigning models of individual healthcare for chronic 
conditions so as to take a more comprehensive approach that often involves multiple, 
integrated channels of action.  These health service models tend to require (1) individuals to 
make lifestyle changes and self-manage, and (2) care providers to promote healthy 
behaviours and reduce disease risk factors.2 5-7  Behaviour change and self-management are 
therefore a key aspect of models of future chronic care management. 
At a population level, strategic approaches to healthy ageing aim to include government 
actions that tackle not only individual ‘lifestyle choices’ but also tackle inequities in health 
linked to wider social, economic, and built environment factors.  The UK government 
acknowledges that personal choices involving health-related decisions (often outside the 
health service system) are not isolated from the social forces that continually shape 
individuals’ lives.  This perspective is reflected in its review4 of ageing and age-associated 
disability which drew on evidence for factors in a person’s environment/context that drive 
unhealthful lifestyle choices and other risk factors.  In promoting healthy ageing, the UK’s 
National Service Framework for Older People therefore aims to strengthen activities at the 
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individual and contextual levels.8 9  Health promotion in both areas, however, is not new; 
Ottawa’s LaLonde Report previously identified the environment and lifestyle as 
interdependent ‘health fields’ responsible for individual wellbeing and population health.10 
Future policy developments and preventive action for healthy ageing care standards, and for 
self-management support, must be informed by sound scientific evidence.  A first step is to 
address an identified research need to better describe and examine the complex interplay of 
multi-level and interconnected heterogeneous drivers of disease risk factors.11-13  This will 
require a theoretical perspective that understands a given set of drivers (at individual and/or 
contextual levels) to interact in a composite way that cannot be treated either as equivalent 
to another, or as an aggregation of the components in a set.13-20 
1.2 Healthy diets and healthy weight contribute to healthy ageing 
Eating a healthy diet and maintaining a healthy weight are important for population health, 
and each plays a critical role for supporting older individuals in maintaining independence 
which is reported to be their most highly valued goal.21 22  The composition of foods in a diet 
(e.g. vegetable variety) has also been linked to: self-reported BMI and weight gain in middle-
aged women;23 objectively measured body fatness;24 and, changes in central obesity, 
independent of body mass index (BMI).25  The following subsection reviews the separate 
evidence for the role of healthful eating, and body weight, in ensuring good health in older 
adults. 
1.2.1 Evidence on the health impact of diet quality in older adults 
Diet is related to many of the major risk factors accounting for substantial morbidity and 
mortality from major chronic conditions in the UK and worldwide.26  Specifically, poor quality 
diets are a leading cause of T2D, CVD, hypertension, and certain cancers.27  In the UK, diets 
that do not match nutritional guidelines contribute to an estimated 70,000 premature 
deaths that are avoidable.28  Inadequate consumption of fruits and vegetables (FV) in 
particular is estimated to contribute to 5% of excess deaths globally,27 and may be 
associated with the risk of obesity, and long-term weight gain, in middle-aged women.23  
Some evidence suggests the rate of all-cause mortality is lower among older adults who 
spend more on fruits and vegetables.29 
Diet-related behaviours, as a key modifiable ‘lifestyle choice’, are a prominent focus of 
diverse efforts in disease prevention and health promotion so as to support healthy ageing 
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of all populations.  For example, WHO aims to promote and protect health through healthful 
eating, thereby supporting healthy ageing; it therefore offers several recommendations for a 
person’s diet: namely, the consumption of more fruits, vegetables, legumes, nuts and grains 
combined with the reduction of salt, sugar and fats, with the additional advice that 
unsaturated fats should be chosen and trans-fatty acids be eliminated.27  The 10 
Recommendations for Cancer Prevention also focus on eating a healthy diet and include 
several dietary behaviours involving the combination of avoiding and limiting consumption 
of certain foods (e.g. red meats, energy-dense foods, etc.) with eating more of a variety of 
vegetables, fruits, whole grains and legumes.30  Notably, many countries such as the UK,31 
Germany,32 and France,33 have developed local programs commonly known as the “5-a-day” 
campaign to encourage healthier eating by translating WHO’s specific recommendation of 
daily consumption of at least 400g of fruits and vegetables.34 
Food variety and health 
Eating a varied diet in particular is also widely recommended as critical to healthful eating 
for both the general population31 35-37 and older persons.38 39  Food variety is a long-standing 
concept used by many national and international governments.39-42  Eating a large number of 
different foods from different food groups is considered desirable for a healthful diet 
because greater variety increases a person’s exposure to a wide range of nutrients and 
phytochemicals, thereby improving the quality of the diet.43-45  In turn, a good balance of 
food components through a mixed diet reduces the risk of several chronic conditions and 
therefore provides the opportunity for better overall health through the life-course.  
Specifically, greater food variety in a diet is considered crucial for a person’s adequate intake 
of the many vitamins, minerals and trace elements necessary for normal functioning of the 
human body.42 43  The importance of food variety for nutritional adequacy and diet quality 
has been emphasised by many in different studies over the past thirty years.43-48  And, 
despite heterogeneity of nomenclature and multiple scoring methods in the current 
literature, there is consistent prospective evidence in different settings showing older adults 
have less morbidity49 and lower risk of mortality48 50-55 with improved food variety.  Some 
recent evidence in older adults also suggests that reduced hospitalisations and use of acute 
medical care are associated with a greater diversity of foods consumed.56 
Yet, food variety is generally not a component of diet quality indices which tend to 
emphasise micronutrient adequacy and macronutrient distribution, with few exceptions 
Background and Introduction Chapter 1 
4 
(e.g. Healthy Eating Index and Dietary Guidelines Index).57 58  Investigating variety in food 
choices specifically is important because variety and diet quality are not synonymous, 
despite a positive association between the two.46 47 59  For example, individuals in a French 
population who had high-quality diets according to US nutrition guidelines appeared to 
have, in contrast, the lowest variety based on a count of total number of foods regularly 
consumed.60  Furthermore, it is likely that, beyond quantity, variety of FV has independent 
roles in disease prevention.  Several prospective studies in the EPIC-Norfolk cohort study 
indicated that, independent of quantity, a higher variety of fruits and/or vegetables 
consumed reduced the risk of T2D and some cancers.61-63  Thus, measures of variety of food 
intake in a diet are likely to represent an additional facet of diet quality not fully accounted 
for by existing measures and hence the relationship of food variety measures to selected 
health outcomes is a useful area of examination.64 
1.2.2 Evidence on the obesity-health relationship in older adults 
One of the greatest risk factors for the large and growing burden of chronic conditions 
across the globe is excess body weight, or obesity—defined based on BMI (kg/m2) greater 
than or equal to 30.26  Both general (weight status) and central (excess abdominal fat) 
obesity significantly increase older adults’ absolute and relative risk of mortality and 
morbidity related to CVD, T2D, fatty liver disease, many cancers, osteoarthritis, mobility 
impairments, and poor quality of life (e.g. sleep apnoea).26 65  As a chronic condition 
requiring ongoing management, obesity imposes a substantial cost burden on both the 
healthcare system and society at large, 2 66 67 and is therefore acknowledged as one of the 
biggest public health challenges that both rich and poor countries need to solve.68 69  In 
England, a quarter of adults are obese (24% of men and 26% of women aged 16 and over), 
and current prevalence has doubled in the past two decades.70  Obesity is predicted to 
increase globally in the coming decades, raising serious concern for the prevention of, for 
example, cancer.71  In addition, gaining 5 kg or more in body weight during adulthood is a 
risk for many major chronic conditions.27  It is also significant for healthy ageing and chronic 
disease prevention then that many prospective studies report average weight gain in adults 
over several decades exceeded recommended limits (range: 7.1—9.9 kg).72-75  Rates of 
weight gain, however, generally decline with advancing age and weight loss is more common 
in older adults.65 75-80  
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Notably, the health risks of excess body weight and weight gain in older people are 
controversial and must be considered in light of age-dependent alterations in physiology and 
body composition.  These include: reduced appetite, taste, basal metabolic rate, energy 
expenditure as well as enlargement and redistribution of fat stores.65 76 81  The Health, Aging 
and Body Composition cohort study reported that older adults who gained or lost weight 
showed more changes in fat mass than in lean mass, but there was more reduction in the 
quantity of skeletal muscle during weight loss than muscle mass increases seen during 
weight gain.82  Thus, weight loss in older adults has implications for both morbidity and 
mortality since losing lean mass, even with regain, can accelerate sarcopenia and incumbent 
impairments of physical functioning; whereas, increasing body weight is known to improve 
survival at higher ages.65 78 81 82  However, it is perhaps not muscle quantity but quality that is 
important for mortality risk in older adults.  Other findings from that cohort study showed 
muscle strength remained associated with mortality after considering low muscle mass.83  
Beyond survival, older adults can also benefit from higher body weight in other ways, 
including: lower mortality from CVD in overweight, despite an increased CVD risk, compared 
to normal weight; and reduced fracture rates and osteoporotic frailty due to increased bone 
density associated with higher body weight.65 76  Obesity in older adults is therefore complex 
and paradoxical, involving both insalubrious and protective health impacts. 
1.3 Understanding the drivers of diet and obesity 
Diet-related behaviours and obesity are each influenced by a range of factors related to 
individual persons and to the contexts in which they live.  Personal factors concern aspects 
of an individual’s physiology and psychology; while the characteristics of a person’s context 
concern a broad set of factors that can be broadly categorised into those describing the 
economic environment, those describing the built (physical) environment, those capturing 
the socio-cultural environment and those relevant to the political environment.  This section 
briefly summarises the literature on the multiple drivers known to influence diet and 
obesity. 
1.3.1 Multiple determinants of diet and eating behaviours 
Eating and diet are a complex human behaviour and several reviews over the past two 
decades confirm that multiple and wide-ranging factors—social, economic, psychological, 
bio-cultural—influence people’s food choices.84-88  A large part of the variation in diets seen 
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across different social groups can be explained by personal factors of individual physiology 
(e.g. taste sensitivity; allergy; state of hunger, appetite and statiety; stress response) and 
psychology (e.g. motivation; affect, self-efficacy; food skills and knowledge; adventurous or 
picky food-styles; attitudes; beliefs; intention, resilience/coping skills).89-95  Nevertheless, 
decisions people make about food are also influenced by factors related to a person’s 
economic context, socio-cultural milieu, and political and physical environments, with most 
of this evidence considering the causal influences of economic and social factors operating 
within the family or local community.89 96-101  Contextual factors are also likely to act at the 
national or regional level to influence a person’s diet, but few have studied factors at these 
levels or those related to other types of environment, namely political and physical.89  For 
example, media and advertising are factors in the socio-cultural environment that also 
concern the political environment.  And, although more is spent on food than any other class 
of good and advertising spending is directly related to how much is purchased,102 there is 
little attention in epidemiology and medical research on how the food industry and 
associated politics influence a person’s nutrition and health.103 
Furthermore, the interplay between personal and contextual factors is also likely to 
determine diet-related behaviours as shown, for example, in a study of the mediating role of 
depression in the established relationship between socioeconomic status (SES) and diet 
quality for many but not all adults.104  Another example is the interplay between a person’s 
moral attitude and cultural norms that establishes prioritised food values (e.g. quality and 
health) and influences food purchasing decision through the mediating factor of 
‘appropriateness’.105 106  Although the added complexity of interactions (i.e. inter-relations) 
between multiple determinants of diet is well acknowledged in the literature,89 90 98 99 107 108 
studies on such interconnections are sparse and small in sample size.105 106 109 
Studies of older adults suggest the drivers of food habits and diet involve some age-specific 
factors and many factors common to younger populations, although shared determinants 
vary in relative importance according to life stage.  For example, economic conditions may 
have greater significance for older adults as they are more vulnerable to adverse economic 
consequences of employment-based transitions,110-112 and spend the largest share of their 
total budget for basic needs on food than average adults (up to 53% versus up to 45%).112 113  
Overall, the diverse factors known to influence diet-related behaviours in older adults 
include: money; convenience and ease of preparation; transportation and rural location; 
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relationships and living arrangement; cultural function and social values (e.g. food hierarchy 
and gender roles); knowledge, beliefs and attitudes; changes in taste and appetite; and 
physical limitations such as loss of teeth and chewing ability.84 114-125 
In terms of economic drivers, both the objective lack of financial means and subjective 
perceptions of low economic resources are shown to determine low FV intakes in older 
adults.126 127  Some evidence suggests that perceived level of food-related resources was 
relatively more important than objective levels for determining an older person’s diet 
variety.128  Importantly, older people from different backgrounds vary in the trade-offs they 
make about food choices and hence in the most important drivers of diet, since different 
individuals will place greater salience on some competing priorities over others, often 
depending on their time preferences.129 130  Thus, while the cost of food had greatest 
salience for low-income rural elderly131 and single white-British elderly men,132 price was not 
the most important dietary determinant for other groups of older adults.130  
Table 1–1 below summarises the diverse personal and contextual factors considered to 
influence eating behaviours and diet, based on a scoping review of the broad literature in 
this area. 
Table 1–1 Summary of the multiple determinants of diet-related behaviours 
Factor level Domain Examples 
Personal Physiology Stress response, allergy, taste sensitivity (hedonic response), state of 
hunger (satiety response), sleep, chewing ability, age, sex 
 Psychology Self-efficacy, motivation, food skills & knowledge, food-styles & 
learning (adventurous/picky), attitudes, beliefs, resiliency/coping ability, 
depression & anxiety 
Contextual Economic environment  
(i.e. food costs and access) 
Food costs, incentives (taxes, pricing policies, subsidies), financial 
support or sponsorship, access to resources (income, material 
conditions), employment, trade 
 Socio-cultural environment 
(i.e. group relationships, 
attitudes, beliefs and values) 
Social value & cultural function of foods (e.g. norms of 
masculinity/femininity, commensality, eating-away-from-home, age-
related timing, etc.), religion and social custom, ethnicity and group 
identity, tradition and place of birth, media and advertising. 
 Physical (built) environment 
(i.e. what is available) 
Food location and store types (e.g. supermarket, take-away); modes of 
transport (manufacturing, distribution, purchasing), urban/ rural 
development, point-of-purchase information, access to nutrition 
knowledge, cooking training, home gardens, food storage facilities 
 Political environment 
(i.e. food-related formal rules) 
Family rules, food service regulation, health regulatory system (food & 
nutrition labelling), social welfare policies, town planning policies and 
public transport for food supply 
It is worthy to note a variety of theories and conceptual models are used to predict 
individuals’ diet-related behaviours and food choices, or to explain population-level eating 
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patterns.  Models used involve concepts taken from behavioural economics,94 133-135 
psychology,95 96 105 109 119 136-149 consumer research,106 150 151 health programming,152 153 and 
socio-ecological perspectives.97 98 120 154-158  Researchers most commonly apply the Theory of 
Planned Behaviour and Transtheoretical Model, or combined frameworks, such as the Social 
Cognitive Theory and Ecological Model of human behaviour, to predict eating behaviours, 
most notably FV consumption.92 99 159  Ecological models are useful for emphasising linkages 
between environmental, interpersonal and intrapersonal factors to explain health 
behaviours or guide behaviour change interventions,160 but their application is 
predominantly focussed on a limited number of either social or economic influences and on 
health behaviours (‘lifestyle’ factors) broadly.90 98 99 101 161 162  In brief, the weakness of 
theoretically-based studies of the determinants of diet is that either they generally fail to use 
existing models of individual decision-making specific to food choices, such as the Food 
Choice Process model107 108 151 163 164 or the Food Choice Kaleidoscope model;151 or, they do 
not include diverse contextual drivers from multiple domains and levels of influence. 
1.3.2 The ‘obesity system’: multiple opposing and synergistic causes 
Similar to dietary behaviours, obesity is a cardio-metabolic risk factor with multiple 
synergistic and opposing determinants that operate dynamically at personal and contextual 
levels, while also interacting within and across levels.11 13 68 69 89 161 165  Whereas diet-related 
behaviours in older people are influenced by factors specific to their life-stage contexts, the 
multiple drivers of obesity are largely similar across adult age groups since increasing 
prevalence of obese older adults is mainly due to the high and growing numbers of adults 
already obese when they reach older ages.65 81 166  Nevertheless some contextual factors may 
be less strongly related to obesity at higher ages.77 167 
The complex multifactorial ‘obesity system’12 27 68 89 161 165 168 169 is also commonly understood 
and studied using socio-ecological systems theory,170 and is illustrated by a comprehensive 
map in the landmark Foresight Report.165  The map can be simplified into three broad groups 
of determinants, centred on the energy balance between diet and physical activity.165  The 
first group comprises individual-level factors related to personal physiology and psychology 
(e.g. heredity, prenatal development, stress, self-esteem, affect, and early life experiences 
related to acceptability of food intake or activity levels), with medical care included in 
physiological pathways of influence.  The second group involves contextual factors 
concerning a person’s socio-cultural milieu, including social values and religio-cultural norms 
Chapter 1 Background and Introduction 
9 
attributed to specific activities around food and exercise through education and traditional 
practices; values and norms that are repeated, reinforced and recreated through media and 
advertising.  And the third group also comprises contextual factors pertaining to access and 
availability such as geography and seasons, food technology and fuel, worksite or school 
environments, and economics at the household and national/global levels.  Macro-economic 
drivers of obesity reported in the literature range from wages, occupational trends, 
consumer prices, and residential property values, to global trade, farming practices and mass 
production that drive excess energy intake through added sugar and salt, and saturated 
fats.66 165 171 
Economic and social conditions are argued to have the most salient role in influencing a 
person’s health status,172 173 and thus constitute major determinants, or ‘fundamental 
causes’, of obesity.174  It is possible that economic conditions may be a relatively more 
important determinant.175  Many studies have shown strong gradients in obesity prevalence 
and weight gain by income, education, and occupational grade, measured alone or 
combined.176-178  Such gradients are suggested to reflect the direct health benefits of having 
more economic resources such as healthier nutrition, housing, neighbourhood conditions, or 
less stress from greater resources for coping.174  Thus, income, employment grade and 
education can be conceived of as factors describing a person’s economic context.  As such, 
they are typically used as standard measures of SES, even though SES is a complex, 
multidimensional construct comprising other social factors such as power and prestige.179  
Since education is more distal to a person’s other economic resources such as occupational 
grade and incumbent income, many describe it as one of the fundamental determinants, or 
causes, of health.173 174  From a life-course perspective, parental wealth is likely to precede a 
person’s education which in turn determines their future employment and income. 
But, how economic and social conditions shape individual resources and opportunities for 
healthful body weight is, ultimately, a gendered experience.75 180-186  Hence, gender 
discrimination across the life-course is an important fundamental determinant of obesity 
that deserves more commensurate attention in the literature.174 187 
1.4 Conceptual framework for this dissertation 
As illustrated above, the current literature does not lack models of behaviour and conceptual 
frameworks to understand the broader determinants of health and disease risk factors.  
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Nevertheless, some have argued for theoretical frameworks that are behaviour-specific,99 188 
189 such as the one for physical activity.190  A diet-specific model may be better than generic 
behavioural models because broad determinants of physical activity can differ from those of 
FV consumption.99  Moreover, research on the social cognitive predictors of poor nutrition in 
older adults indicates that diet-related behaviours influence health outcomes through 
nutritional self-efficacy rather than general self-efficacy.191  Potential examples of diet-
specific models aiming to integrate a systems perspective of the wider environment include 
the ‘socio-ecological culture-cuisine food model’ proposed for Maltese children,192 and the 
Model of Community Nutrition Environments.3  However, the shortcomings of existing 
models is that none encapsulates the complexity of both contextual factors and internal 
cognitive processes of the individual.188 
Ultimately, the complexity, dynamism and inter-relationships of multiple determinants of 
diet and related food decisions requires an integrated explanation,193 as reflected in the 
concept of ‘constrained choices’.180  Others have also called for an integrative perspective to 
better understand the personal and contextual determinants of disease risk factors—one 
that uses of a ‘systems’ model at multiple levels of influence,69 193 and incorporates a life-
course perspective of human behaviour and health.194-199  Thus, while much research in 
economics, sociology, psychology, biology and consumer behaviour provides good evidence 
on the multiple drivers of disease risk factors, such as diet and obesity, a number of 
important knowledge gaps and challenges remain to be addressed to inform future health 
policy with evidence, particularly regarding the interactions of contextual factors within and 
between domains of influence.200 
I therefore developed a conceptual framework for this dissertation that builds on the 
behaviour-specific Food Choice Process Model which is the result of about two decades of 
qualitative, social psychology work of the Cornell Food Choice Research Group.107 108 164  This 
model had particular appeal for my conceptual framework as it places central focus on the 
complex deliberations and trade-offs that individuals must make when faced with a new 
choice about which foods and/or beverages to consume.154  More specifically, the model 
illustrates how individuals vary not only in the considerations they bring to food choices in a 
given meal situation but also in the fact that they develop simplified food classification 
strategies (i.e. rules-of-thumb) based on previous deliberations in which competing interests 
were resolved and personal values negotiated.107 108  In other words, the model captures the 
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simple heuristics people use to make satisfactory food-related decisions with minimal 
effort,107 108 201 202 and therefore integrates notions of both conscious and automatic 
processes of decision-making for diet-related behaviours.203  Economic evidence also 
supports the primacy of each person’s system of diverse social and personal values and 
multiple competing priorities for understanding the variation in food-related behaviours 
across social groups.94 129 204  A further strength of the Food Choice Process Model is that it 
also incorporates the necessary life-course perspective of temporality, and age-related 
transitions and turning points. 
However, the Food Choice Process Model lacks sufficient detail on the diverse factors 
describing a person’s ‘environment’ which much epidemiological evidence reviewed above 
indicated also influence the diet-related behaviours resulting from food choice decisions. I 
therefore extended this model by including the different ‘types’ (i.e. economic, socio-
cultural, physical, political) and ‘sizes’ (i.e. micro, meso, macro) of environment that are 
detailed in the ANGELO framework for conceptualising the broad determinants of obesity.89  
Since the framework emphasises the complexity of interconnected contextual factors and 
their linkages with interpersonal and intrapersonal determinants of human behaviour and 
health, it complemented the Food Choice Process Model.  Together, they offer a potentially 
more integrated perspective of the drivers of disease risk factors investigated in this 
dissertation.  Hence, my conceptual framework brings a sophisticated intrapersonal (i.e. ego-
centric) perspective of psychology and economics into the socio-ecological models of social 
science and social epidemiology literatures. 
An additional novelty is that I incorporate a view to future development of interventions, 
and so underpin the framework with a logic model—a tool commonly used in evaluation 
research205—that considers activities involved in the process of translating inputs into 
desired outputs and outcomes (medium- and long-term).  In brief, the logic model framing 
my conceptual framework envisions multiple contextual and personal factors to function as 
the ‘inputs’ to each person’s cognitive ‘process’ of negotiating the multiple values and 
competing priorities for food choices and then constructing the strategies of resolved 
decisions.  Such ‘inputs’ range in their proximity to the deliberative process and include 
diverse upstream ‘fundamental’ inputs as well as intermediate and proximate factors of 
influence. 
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The framework therefore shows four pathways of influence on the food choice process 
(Figure 1–1).  Fundamental factors related to socio-demographic characteristics (e.g. gender, 
age, ethnicity, place of origin) influence the process directly through, for example, a person’s 
food roots108 164 established during their upbringing.  Alternatively, fundamental factors can 
have indirect influence on the process through other pathways involving contextual and/or 
personal factors that are closer to the decision-making process.  Thus, a second pathway 
between ‘inputs’ and ‘process’ concerns the diverse factors describing the economic, social, 
political and physical environment with several levels of influence.89  Similarly, many 
personal factors of individual physiology and psychology can have direct influence on food 
choice decision-making and therefore constitute a third pathway of inputs to the process.  
Finally, the interplay (i.e. interactions) between contextual and personal factors can produce 
mediators such as appropriateness, practicality, attractiveness, affordability, etc., that in 
turn function as ‘inputs’ to the process through a fourth pathway of influence. 
As detailed elsewhere,107 108 164 the process of constructing food choice decisions involves a 
personal system of negotiating diverse values (e.g. convenience, quality, monetary 
considerations, sensory perceptions, health and nutrition, and managing relationships) and 
resulting rules-of-thumb to simplify subsequent decisions.  The ‘output’ of the food choice 
process can be seen in terms of relatively consistent patterns of eating behaviour, such as 
high FV consumption or intake of high-fat and high-sugar foods.  These eating patterns are 
either favourable to a person’s health ‘outcome’ or not with respect to chronic condition(s), 
such as T2D, hypertension, CVD, or excess body weight.  While not illustrated in Figure 1–1, 
the outputs of the food choice process should also be understood to interact with outputs 
from other health-related lifestyle choices, and then combined, increase or decrease the risk 
of poor health outcomes.  Over the life-course, these medium-term outcomes then lead to 
longer-time outcomes (or impacts) concerning not only a person’s health (e.g. survival or 
tertiary complications from chronic conditions), but also the wider society and political 
economy in terms of, for example, civic participation and labour productivity. 
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Figure 1–1 Conceptual framework for understanding determinants of eating behaviours, adapted from Furst et al107 and Swinburn et al89 
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1.5 Overall aims and structure of this dissertation 
This dissertation aimed to address a knowledge gap on the relative importance of contextual 
drivers of diet or obesity that will vary between older people occupying uniquely 
differentiated social categories.180 187 206 207  Its objective was therefore to unpack the role 
and interplay of factors describing the economic and social contexts of older adults that are 
involved in healthful eating and body weight so as to better understand how an older 
person’s life circumstances influence key risk factors for chronic conditions.  It also had the 
objective of giving explicit research attention to gender.  Research questions included: 
(1) which aspects of diverse economic conditions show the strongest differences in diet 
quality in women and men? 
(2) which aspects of different social relationships act more strongly, and how do they 
interact, to influence diet quality in women and men? 
(3) how do multiple economic influences in combination with different social 
relationships influence diet quality in women and men? 
(4) is an older people’s financial situation more important for obesity than conventional 
economic resources of SES and does the relative importance differ by gender? 
(5) do women and men differ in the vulnerability to excess weight gain from cumulative 
financial problems and is there a role for health behaviours or other factors? 
The analyses centred on the economic conditions of older individuals’ lives due to their 
greater exposure to both low income111 and financial hardship (FH) from disruptive life 
events (e.g. divorce, widowhood, or involuntary job loss);208 209 and, to poorer recovery from 
financial losses or economic shocks due to reduced employment prospects at older ages.210  
Specific attention to older people’s everyday financial situation is warranted since paying 
bills and affording adequate food and clothing comprise the largest drains on disposable 
income for older adults.211  Moreover, potentially important factors in this economic domain 
could reveal differences among individuals who are similar on conventional measures of SES 
such as education or occupational grade.179  Acknowledging SES as a complex 
multidimensional construct involving factors that overlap the economic and socio-cultural 
environments, this dissertation will refer to conventional indicators of SES and novel 
measures of FH as economic factors.  Ultimately, the link to the lived experiences of older 
people was a central focus key to this dissertation. 
Chapter 1 Background and Introduction 
15 
1.5.1 Structure 
This dissertation is arranged over nine interlinked chapters.  Following this Introduction 
chapter, current knowledge on known dietary correlates is extended by systematically 
reviewing evidence on the economic determinants of diet in older adults in Chapter 2.  
Associations between multiple economic factors, including novel measures of an older 
person’s financial situation, are then explored in relation to quantity and variety of fruit and 
vegetable (FV) consumption (Chapter 3).  Chapter 4 focused on older people’s social 
circumstances and explored combined influences of different social ties on fruit variety and 
vegetable variety. Chapter 5 built on the two previous chapters by exploring the inter-
relations of six economic factors and three social ties with respect to fruit variety and 
vegetable variety.  Chapter 6 then transitions to a brief summary of literature on economic 
determinants of obesity and weight gain as equally important risk factors for chronic 
conditions.  Multiple indicators of FH, and SES, were then examined in relation to measured 
general and central obesity in older adults (Chapter 7).  Chapter 8 moved beyond novel 
correlates of obesity to assess the link between cumulative FH and weight gain over time, 
and also explored the contribution of health behaviours, psychological and social factors as 
potential mechanisms.  Finally, Chapter 9 summarised the main findings, considered key 
methodological issues, and proposed future directions for public health research and 
practice. 
1.5.2 Overview of shared methods 
This dissertation comprised five empirical studies which shared a number of exposures 
and/or outcomes of interest.  This section aims only to describe the common exposures and 
outcomes as study-specific detail is given in relevant chapter methods (and appendices). 
Four empirical studies used data collected as part of the population-based EPIC-Norfolk 
prospective cohort—a component of the European Prospective Investigation of Cancer 
(EPIC) study in 10 countries.212  The EPIC-Norfolk study was approved by the Norwich district 
ethics committee and all volunteers gave written informed consent.  EPIC-Norfolk invited 
77,630 individuals from age-sex registers of general practices in a geographically 
circumscribed area, and recruited 25,639 participants (55% women) aged 39 to 79 (99.7% 
white) who attended a first health check at entry (1993-97).  Cohort participants were 
measured for anthropometric data on BMI (n=15,000) and waist circumference (n=15,024), 
and self-reported information on their diet (n=12,292) during a second clinical assessment 
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(1998-2002), with follow-up averaging 3.5 years.  To place findings in a healthy ageing 
context, studies of older adults followed the precedence of using a threshold of aged 50 
years and above.38 213-215  Analyses therefore included only the 20,274 over-50s (54% 
women) from the full cohort (Appendix B-1 gives characteristics of over-50s and full cohort).  
In general, studies using EPIC-Norfolk data included variables collected at entry (1993-97), 
18-months (1996-2000) and second health check (1998-2002). 
The fifth empirical study (Chapter 8) used repeated measures data from the Whitehall II 
cohort study of London-based civil servants because it collected similar information on 
economic factors examined in studies of EPIC-Norfolk data, including two self-reported FH 
measures.  The Whitehall II study recruited 10,308 employees (73% of those invited) who 
were clinically measured and completed a questionnaire at entry (Phase 1, 1985-88), with 
33% women and wide salary ranges across each employment grade (from clerical/support to 
Senior Administrative).216  Between 76% and 86% of Phase 1 responders received a 
questionnaire only at Phase 2 (n=8,132), and both screening and a questionnaire at Phase 3 
(n=8,815) and Phase 5 (n=7,870).  The study of Whitehall II information used variables from 
Phase 1 (1985-88), Phase 2 (1989-90), Phase 3 (1991-93) and Phase 5 (1997-1999). 
Common exposures of interest 
Three studies of EPIC-Norfolk over-50s (Chapter 3, Chapter 5, and Chapter 7) examined six 
economic factors as main exposures; these were operationalised through three classical 
indicators of SES and three novel measures of FH.  Education level (no qualification, O-level 
(≤16 y), A-level (≤18 y), degree (>18 y)) and occupation were self-reported at cohort entry, 
with occupation used to classify participants into six hierarchical categories of the Registrar 
General’s classification scheme of social class (professional, managerial and technical, skilled 
non-manual, skilled manual, partly skilled, and unskilled).217  Social class was based on the 
partner’s occupation for the majority of women (68%); her own occupation was used when 
she was single or her partner’s was unclassified or missing.218  A measure of home-
ownership based on self-reported accommodation type (home-owner, public renting and 
private renting) was employed as another conventional SES indicator since a review of 
research documented the utility of home-ownership as a measure of wealth in older 
populations,219 and wealth is associated with older adults’ diet220 and obesity.221 
FH was assessed in EPIC-Norfolk using a postal “Health and Life Experiences Questionnaire” 
(HLEQ) (1996-2000) designed to assess social and psychological circumstances,222 223 
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following standard survey design principles.224  Consistent with Leonard Pearlin’s list of 
chronic strains of household economics,208 209 225 three self-reported FH questions covered: 
having enough money for needs (3 responses); frequency of not having enough money to 
afford adequate food or clothing (5 responses, between ‘never’ and ‘always’; hereafter 
referred to as “insufficient money for food/clothing”); and, difficulty paying bills (6 
responses, between ‘none’ and ‘very great’) (see Table 1–2).  These latter two questions 
were also asked of participants in Whitehall II using the repeated “Health Survey 
Questionnaire” (HSQ). 
Table 1–2 Summary of questions, response categories and source for financial hardship 
measures examined 
FH questions Response categories Source 
In general, would you say you (and your family 
living with you) have more money than you 
need, just enough for your needs, or not 
enough to meet your needs? 
1. More money than you need 
2. Just enough money 
3. Not enough money 
• EPIC-Norfolk, HLEQ 
How often does it happen that you do not have 
enough money to afford the kind of food or 
clothing you/your family should have? 
1. Never 
2. Seldom 
3. Sometimes 
4. Often 
5. Always 
• EPIC-Norfolk, HLEQ 
• Whitehall II, HSQ 
How much difficulty do you have in meeting the 
payment of bills? 
1. None 
2. Very little 
3. Slight 
4. Some 
5. Great 
6. Very great 
• EPIC-Norfolk, HLEQ 
• Whitehall II, HSQ 
FH, financial hardship; HLEQ, Health and Life Experiences Questionnaire; HSQ, Health Survey Questionnaire 
Common outcomes of interest 
Three empirical studies of EPIC-Norfolk data (Chapter 3 through 5) examined variety of 
intake of fruits and/or vegetables as a proxy for diet quality.  Information on FV consumption 
came from two sections of a Food Frequency Questionnaire (FFQ)—previously validated by 
comparison with a 16-d weighed food record,226 and nutrient biomarkers227-229—which pre-
specified 11 fruit items and 26 vegetable items (see Table 1–3).  The over-50 respondents 
(n=9,933) were asked to “estimate average food use during the last year” using nine 
standard frequency response categories,230 from never or less than once a month to six or 
more a day (Table 1–3).  Self-reported frequencies were combined with imputed portion 
sizes to calculate average daily consumption of each unique fruit or vegetable item (g/d) 
following an established method.226  FFQ respondents in the sample with extreme estimated 
energy intakes (top 0.5% and bottom 0.5% of energy intake relative to basal metabolic rate 
Background and Introduction Chapter 1 
18 
values)231 were excluded (n=353), leaving 9,580 over-50s with plausible energy intakes for 
analysis (Figure 3–1 illustrates the sample selection process). 
Variety of fruit and/or vegetable was a sum of the total number of unique items consumed, 
irrespective of quantity (>0g/d), and corresponded to response category of at least 1-3 times 
per month.  This cut-point followed a similar approach previously demonstrated for reduced 
risk of T2D61 and some cancers;62 63 and it also reflected the minimum two weeks needed for 
a person to exhaust the variety of their food repertoire.64  Other studies have demonstrated 
the reproducibility and validity of variety scores for nutritional adequacy in older 
populations.44 64  Continuous scores were derived for variety (items/month) of fruit (range 0-
11), vegetable (0-26), and combined FV (0-37). 
Table 1–3 Summary of pre-specified fruit and vegetable items and frequency response 
categories in the EPIC-Norfolk food frequency questionnaire 
List of fruit itemsa List of vegetable itemsb Response categories 
• Apples (1 fruit) 
• Pears (1 fruit) 
• Oranges, satsumas, mandarins 
(1 fruit) 
• Grapefruit (half) 
• Bananas 
• Grapes (medium serving) 
• Melon (1 slice) 
• Peaches, plums, apricots (1 
fruit)a 
• Strawberries, raspberries, kiwi 
fruit (medium serving)a 
• Tinned fruit (medium serving) 
• Dried fruit, eg. Raisins, prunes 
(medium serving) 
• Carrots  
• Spinach 
• Broccoli, spring greens, kale 
• Brussels sprouts 
• Cabbage 
• Peas 
• Green beans, broad beans, runner beans 
• Marrow, courgettes 
• Cauliflower 
• Parsnips, turnips, swedes 
• Leeks 
• Onions 
• Garlic 
• Mushrooms 
• Sweet peppers 
• Beansprouts 
• Green salad, lettuce, cucumber, celery 
• Watercress 
• Tomatoes 
• Sweetcorn 
• Beetroot 
• Coleslaw 
• Avocado 
• Baked beans 
• Dried lentils, beans, peas 
• Tofu, soya meat, TVP, Vegeburger 
• Never or less than once/ 
month 
• 1-3 per month 
• Once a week 
• 2-4 per week 
• 5-6 per week 
• Once a day 
• 2-3 per day  
• 4-5 per day  
• 6+ per day 
aAverage use estimated when fruit was in season; bMedium serving and included fresh, frozen or tinned. 
All statistical analyses were conducted using Stata 12.1.232  Analyses were a priori conducted 
for women and men separately for both conceptual and methodological reasons.  
Conceptually, societies ascribe different roles to women and men which will determine the 
impact of, and vulnerability to, the same contextual factors analysed.180 187  In other words, 
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gender is a socially constructed characteristic (based on biological sex) that can interact with 
different economic factors to produce different health effects across social groups.179  
Hence, gender-based differences between women and men were the main focus of 
empirical investigation of the contribution of economic and social conditions to healthful 
eating and weight outcomes.  For methodological reasons, sex-based differences between 
women and men were considered in analyses of adiposity outcomes since reproductive 
status and parity are important biological factors determining the higher burden of obesity 
among women.65 78  Biological sex differences, moreover, are also relevant to the health 
consequences of obesity in older adults as, for example, impairment of mobility and physical 
functioning is magnified in women.22 65 76  
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CHAPTER 2 Known economic determinants of diet in 
older adults 
This work was first published in a BMJ journal as: Conklin AI, Maguire ER, Monsivais P. 
Economic determinants of diet in older adults: systematic review. Journal of Epidemiology 
and Community Health 2013; 67(9):721-7.  Authors are referenced below as AC, EM and PM. 
2.1 Abstract 
Background: Many economic conditions are associated with diet, yet the evidence is 
generally cross-sectional.  Older people are considered especially vulnerable to poor diets 
from negative changes to varied economic factors.  This review extends current knowledge 
on known correlates to decipher actual economic determinants of diet in older adults. 
Methods: Eight bibliometric databases were searched between May and December 2012, 
supplemented by hand-searches, with no restrictions on publication date or country. 
Longitudinal studies, or reviews, were eligible when examining diet as a function of change 
in an economic factor in non-institutionalised adults ≥60 years.  Data were extracted using a 
standardised evidence table and quality assessed before narrative synthesis. 
Results: Nine original studies were eligible for inclusion, of which eight examined change 
from work to retirement and one evaluated a food price intervention.  Designs were 
generally pre-post without controls and varying in follow-up.  Studies reported mixed impact 
on food spending and/or food intake. Retirement was shown to both reduce and have no 
impact on food spending and to have either positive and negative, or positive and no impact 
on food intake. Subgroup differences were observed, especially between women and men. 
Conclusion: Despite ample research on economic correlates of older adults’ diets, little is still 
known about actual economic determinants of diet in this population.  Studies of retirement 
suggest divergent effects in some but not all older people. Robust high-quality longitudinal 
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studies to decipher economic drivers of diet must be prioritised in research and policy as 
firm conclusions remain elusive. 
2.2 Introduction 
Diet is integral to population-level health promotion and to chronic disease management.233  
Yet, as adults enter older ages, they tend to eat nutritionally suboptimal diets, reduced 
variety, and fewer vegetables.234-237  Overall, older adults are not meeting recommendations 
for healthy diets which are similar to those for younger adults.238 239  Eating well is therefore 
a necessary focus for public health and policy in tackling chronic conditions and in supporting 
wellbeing through older age.1 8  But, to support eating well, a clear understanding of how 
choice(s) can be changed and the context of dietary change is fundamental. 
Promotion of healthy diets cannot be only through individual choices and supportive 
psychosocial factors; a supportive context is also key, particularly economic access.102 112 240  
Various economic factors influence diet, including food prices and money available to 
purchase food.85 88 112 128 238 241 242  Economic uncertainty might affect older people’s food 
choice and diet variety as foods integral to a healthful diet (e.g. fruit, vegetables, fish) can be 
perceived as a luxury; while healthier alternatives to common foods often carry a price 
premium.242  Modelling studies indicate that constraining food budgets can lower the 
nutritional adequacy of the diet.243  Estimates suggest that half of weekly income is needed 
for an older person on income support to eat a healthy diet;244 while the considerably higher 
cost of therapeutic diets places an even greater burden on older people with limited 
incomes.244 245  Hence, having an adequate income is likely necessary to ensure a more 
varied and balanced diet for healthy older people, as suggested by Drewnowski et al 
(1997).64  
The economic sensitivity of diet is considered especially salient for older age individuals110 
because they are more likely to be low income,111 can experience two drops in income 
(through retirement and out-living savings),112 and have reduced opportunity to rebound 
from financial losses or shocks to their economic context as prospects for future 
employment are limited.210  For people aged 65 and over in the UK, food and non-alcoholic 
beverages comprise the greatest proportion of expenditures for basic necessities (e.g. 
housing, fuel, power and clothing and footwear) compared to younger age groups.211  The 
food share of the budget for basic necessities is even larger for older people on low 
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income,113 and so it is perhaps not surprising that food is the necessity reduced first when 
income is restricted.113 240 244-246  Thus, changes in economic factors related to life transitions 
might constitute a key food choice determinant for this growing segment of the population.  
Despite logical appeal, systematic examination of what happens to older people’s diet over 
time when economic factors change is lacking.112 124 247  Nutrition and consumer research 
indicate falling income led adults to reduce the variety and quantity of foods consumed 
(specifically decreasing intake of fish, rice, pasta, frozen and salad vegetables); conversely, 
rising income has been associated with the adoption of a more healthful, varied diet.247 248 
Notably, the individuals experiencing a decrease in income imposed more dietary changes 
than those experiencing an increase.247 248  Economic models suggest food consumption 
shifts with a change in relative price,249 250 with different scenarios of taxation and/or 
subsidy,251 and that some social groups are more price responsive in demand for 
foods/components that are taxed and/or subsidised.252  But, dietary effects from change(s) 
in economic factors may not be sustained over time,250 and immediate effects may counter 
the expected beneficial direction for social groups most in need of support for healthful 
eating.251 253  
This study aimed to systematically review prospective studies, or potential reviews, with 
data on diet of older adults as a function of change in economic variable(s). This paper 
extends current knowledge on correlates to decipher actual economic determinants of diet 
in older adults, to better understand a recurring concern about the potential vulnerability of 
older people to constraints on their choices in healthful eating. 
2.3 Methods 
2.3.1 Search and Selection 
Peer-reviewed literature was systematically searched using eight bibliometric databases 
(PubMed/Medline, SCOPUS, EconLit, PsychInfo, ASSIA, Web of Science, Embase and British 
Nursing Index); hand-searches (Food Choice Conference abstracts and references in 
retrieved full-texts); and expert advice.  A common approach for systematic reviews was 
followed, as given by the Cochrane collaboration.254  Since the Cochrane method for quality 
assessment (designed for appraising clinical practice) considers observational study evidence 
as low quality, the Effective Public Health Practice Project tool and the Newcastle-Ottawa 
scale were employed—both identified by the UK’s HTA Programme as ‘best’ tools for 
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evaluating observational studies.255  Free-text and thesaurus terms were applied for “eating 
behaviour”, “economic environment”, “change” and “older people” after consulting a 
medical research librarian (Table 2–1).  No limitations were imposed on publication date, 
country or language, except in SCOPUS (English and French).  Subject area was only 
restricted in SCOPUS and PsychInfo as half of records had unrelated subjects.  Searches were 
performed separately by AC and EM between May 2012 and December 2012. 
Table 2–1 Search terms used in 8 databases to identify potentially eligible records for 
inclusion 
Concept Search terms (“/” indicating “or”) 
Food Diet/ food habit*/ food choice*/ eating/ food purchasing behav*/ food purchasing choice*/ food 
preference 
Influence(s) Economic*/ financ*/ income/ resource/ wealth/ socio?economic/ financial resource*/ financial 
circumstance*/ job/ money/ employment/ pension/ security/ retire*/ debt/ poverty 
Change Change/ reduc*/ stress/ strain/ constrain*/ loss/ transition/ fall/ instab*/ fluctuat*/ decrease/ increase/ 
improve* 
Population Ag?ing/ senior/ pensioner/ old* adult/ elder*/ aged AND NOT school/ youth/ adolescent/ child 
2.3.2 Inclusion and Exclusion Criteria 
This review included as eligible longitudinal studies, or reviews, examining diet in 
community-dwelling older individuals as a function of change in an economic factor (e.g. 
income, price, employment).  Studies were considered when participants, or subgroup 
analyses, involved adults aged 60 and over.  Criteria for exclusion included: cross-sectional 
design; exposure of interest lacking; position papers; editorials; institutionalised elderly; 
non-diet outcomes; unspecified age group; weight management interventions; and 
measurement validation studies.  Intervention studies were excluded unless measuring diet 
as a function of financial incentives or change in another economic factor(s) (e.g. reduced 
food price, subsidies, or coupons). 
2.3.3 Screening 
Two reviewers (AC and EM) screened titles and abstracts for potential eligibility and 
removed records based on exclusion criteria.  Abstracts were examined further for full-text 
retrieval, excluding additional records.  Retrieved papers were read in full and references 
followed up. 
2.3.4 Quality Assessment, Data Extraction and Analysis 
AC and EM independently assessed quality using an adapted checklist of itemised criteria, 
consisting of 25 questions and 3 response categories (‘yes’, ‘no’ and ‘can’t tell’).  Criteria 
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covered: research question, design, representativeness, sampling, protection against bias 
and confounding (i.e. comparability), completeness, results, conclusions and generalisability.  
A study was assessed as of high quality when approximately 80% of responses to checklist 
questions were ‘yes’, and of low quality when approximately 20% were ‘yes’.  Completed 
assessments were cross-checked between reviewers, with one study additionally appraised 
by the senior investigator (PM). 
Studies were analysed using a standardised evidence table with a priori determined 
headings.  AC and EM extracted data on: stated study objective, design, year, population, 
geographical setting, exposure description, outcome(s) measured, reported findings, author 
and source.  Reported findings were synthesised through a narrative approach while quality 
assessment helped interpret and explain differences in reported results.  Any disagreements 
on eligibility, quality or synthesis were discussed with the senior investigator (PM) and 
resolved by consensus. 
2.4 Results 
The study identified 118 original studies and no reviews eligible for inclusion, of which nine 
met criteria for data extraction and quality review (Figure 2–1 below).256-264  These mainly 
reported on work undertaken between early 1990s and mid-2000s in a European context 
(UK,256 261 France,258 Finland,264 Sweden,257 and The Netherlands260), with some work 
conducted in the USA.259 262 263  
2.4.1 Study quality 
Despite relatively scarce evidence, study quality was generally good. Eight included studies 
were rated as of high260 262 264 or medium256 257 259 261 263 quality; only one258 was considered 
low quality (Table 2–2 below). Three studies rated as high quality satisfied most quality 
criteria on design and comparability.260 262 264  Compared to these high quality studies, 
medium studies had less study completeness and poorer reporting of results. 
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Figure 2–1 Modified PRISMA flow diagram of literature search and study selection. 
*Exclusion criteria: cross-sectional design; exposure of interest lacking; position papers; editorials; 
institutionalised elderly; non-diet outcomes; unspecified age group; weight management interventions; and 
measurement validation studies 
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Table 2–2 Quality assessment of included studies 
Quality criteria 
Davies et al 
1986256 
Steen et 
al 1988257 
Lauque et 
al 1998258 
Lundberg 
et al 2003259 
Nooyens 
et al 
2005260 
Smith 
2006261 
Chung 
et al 
2007262 
Abusabha 
et al 2011263 
Helldán et 
al 2012264 
Question: Does the paper address a clearly focused issue? (i.e. 
clear statement of research questions & objectives) 
YES YES NO NO YES YES YES YES YES 
Design: Was study design described? YES YES YES YES YES YES YES YES YES 
Design: Was method chosen & data sources appropriate to the 
research question? 
YES YES Can’t tell Can’t tell YES YES YES YES YES 
Design: Was data collection & analysis described? YES YES YES / NO YES YES YES YES YES YES 
Design: Was exposure to change being considered clearly 
defined and ascertainment operationalised? 
Can’t tell YES Can’t tell YES YES YES YES YES YES 
Design: Was a control group used to compare outcomes? NO NO NO NO YES NO YES NO YES 
Representativeness: Was group exposed representative of 
elderly in the community (i.e. not based on convenience sample, 
occupation-specific, etc.)? 
NO NO NO YES Can’t tell YES YES Can’t tell NO 
Representativeness: Were those not exposed also drawn from 
the same community (vs. a different source)? 
NO NO NO NO YES NO YES YES YES 
Sampling: Was sampling strategy clearly defined & justified NO YES NO YES YES NO YES YES Can’t tell 
Comparability: Did the study control for bias (e.g. secular 
trends)? 
NO NO NO NO YES YES YES NO YES 
Comparability: Were factors possibly related to both exposure 
and outcome identified? 
NO NO Can’t tell YES YES YES YES NO YES 
Comparability: Were groups comparable at baseline? Can’t tell NO NO Can’t tell Can’t tell NO Can’t tell NO YES 
Completeness: Was follow-up long enough for study objectives? YES Can’t tell YES YES YES YES Can’t tell NO YES 
Completeness: Could all likely effects have appeared in the 
study’s timescale? 
YES YES YES YES YES NO Can’t tell Can’t tell YES 
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Quality criteria 
Davies et al 
1986256 
Steen et 
al 1988257 
Lauque et 
al 1998258 
Lundberg 
et al 2003259 
Nooyens 
et al 
2005260 
Smith 
2006261 
Chung 
et al 
2007262 
Abusabha 
et al 2011263 
Helldán et 
al 2012264 
Completeness: Could the effect be lasting/ not transitory? NO NO Can’t tell Can’t tell Can’t tell Can’t tell Can’t tell NO YES 
Completeness: Was follow-up sufficiently complete (ideally, 
>80% participants accounted for)? 
YES Can’t tell NO YES YES Can’t tell YES NO YES 
Results: Were main findings reported & do they address the 
research question? 
YES YES Can’t tell YES YES YES YES YES YES 
Results: Was the choice of statistical analysis appropriate? YES YES / NO Can’t tell YES YES Can’t tell YES YES YES 
Results: Was the primary outcome measure valid and reliable? YES YES YES Can’t tell YES YES YES YES YES 
Results: Were tables/ graphs usefully labelled/ understandable? YES NO NO NO YES YES YES YES YES 
Conclusions: Were results compared with those of other studies, 
even if contradictory? 
YES YES YES NO YES YES YES NO YES 
Conclusions: Is the interpretation appropriately based on results 
& alternative explanations explored? 
YES YES / NO Can’t tell YES YES YES YES NO YES 
Conclusions: Do the findings support the conclusions? YES YES NO YES YES YES YES NO YES 
Generalisability: Can results be applied to other settings? NO NO NO YES Can’t tell YES YES NO NO 
Generalisability: Were all important outcomes/ results 
considered? 
YES YES NO NO YES NO NO NO YES 
OVERALL ASSESSMENT Medium Medium Low Medium High Medium High Medium High 
SOURCE: Adapted from Effective Public Health Practice Project and the Newcastle-Ottawa scales as best quality assessment tools255  
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2.4.2 Study design and sample characteristics 
Studies used before-and-after designs with prospective cohort or panel survey data (Table 
2–3).  Length of observation varied, ranging from 3-5 months up to 11 years; the oldest 
studies identified did not report on the period of study.256-258  Sample sizes also varied 
widely, from under 50 to over 6,000.  Most examined impact in both men and women,256 258 
259 262-264 and one explicitly analysed gender differences.262  Two focused on men only260 261 
and one on women.257  Participants tended to be a mix of occupational or educational levels 
but some studies involved specific occupations, mostly office-based.256-258 264 
2.4.3 Exposure definition 
Most studies defined the change in respondents’ economic context in terms of retirement 
from work,256-262 264 except one intervention study examining change in food price.263  
Generally, retirement was operationalized as a specific (legal) age or individual self-report. 
Some studies did not report an operational definition.257 258 260  
2.4.4 Outcomes examined 
Food spending and/or food intake were the dietary outcomes examined (Table 2–4). Diverse 
measures were used to assess food intake.  Four studies measured total diet based on 
healthful eating habits or types of foods eaten;257 258 260 264 two others assessed dietary 
components (e.g. fibre256 or fruits and vegetables263).  Assessment methods also varied, 
including: diet interview;257 Food Frequency Questionnaire;260 263 264 and food 
record/diary.256 258  Multiple approaches were employed to examine overall household food 
spending (weekly, annual)259 261-263 or individual spending on eating out,262 often using panel 
survey data.  Additional outcomes measured included anthropometric measures;257 260 262 
physical activity;258 260 and wellbeing.258 
2.4.5 Main findings  
Studies documented a pattern of mixed impact on food spending and consumption as a 
function of change in the economic context (Table 2–4).  Studies examining a shift from 
employment to retirement found spending decreased (7 to 11%) for certain groups (e.g. co-
habiting, involuntary retired) or settings (e.g. eating out) but spending also stayed constant 
for single-person household, voluntarily retired and home consumption.259 261 262  Reported 
effects came from three good quality studies of sufficient follow-up to permit accurate 
assessment of lasting effects on spending.  The intervention study, in which FV prices were 
reduced by nearly 50%, reported decreased spending of low-income seniors at their most 
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recent supermarket visit, with greatest impact among seniors using the program weekly.  
However, the study could not account for substitution in produce spending between 
supermarket and intervention site.263 
Six studies examined dietary outcomes and all reported an increase in at least some aspect 
of food intake as a function of employment transition to retirement (Table 2–4).  Two 
studies revealed slight increases in daily fibre intake in British men and women, particularly 
when breakfast was consumed,256 or in consumption of pastry, potato chips and related 
food items by Swedish women.257  The study of a 6-month food price intervention found 
more low-income seniors in New York consumed vegetables and fruits three months after 
starting the intervention.263  Finally, two studies documented an increased prevalence of 
healthy food habits in Finnish women who retired compared to employed,264 and intakes of 
fish and vegetables, juice and alcohol in Dutch men.260  
Some studies showed no impact on food consumption. For example, the main British foods 
contributing to increased fibre intake and proportion of older people below 
recommendations stayed constant.256  Post-retirement improvements in women’s healthy 
food habits were not seen in retired Finnish men compared to employed men.264  A small 
French study also found the distribution of nutrients appeared unchanged after 
retirement.258  Although this study was assessed as being of low quality, findings corroborate 
similar results of no impact from other good quality studies.  
Finally, two studies reported decreases in food intake.  A study of female Swedish municipal 
employees showed a decreasing tendency in average number of daily meals and in nearly all 
nutrients.257  Another study of rural Dutch men also documented reductions in consumption 
of meat and potatoes and milk, depending on level of occupational activity.260 
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Table 2–3 Characteristics of included studies 
Stated study objective Study design Year Setting Study population (n) 
Description of 
exposure Outcome(s) measured Author Source 
To fill gap in longitudinal 
evidence on food habits before 
and after old age retirement 
Pre-post, with 
control (survey, 
mean 3 years; 
adjusted for 7 
covariates) 
2000-02 & 
2007 
Helsinki, 
Finland 
Municipal 
employees, males 
(n=527); females 
(n=1,824) 
Old age retirement (63-
68 years in Finland) 
Healthy food habits 
(FFQ, 8-item index) 
(6/8=healthy)  
Helldán et al 
2011264 
PubMed/ 
Medline 
(1) To understand how 
retirement decisions of older 
Americans influence household 
food consumption patterns by 
gender; (2) to examine impact 
of the change in food 
consumption on weight 
Panel survey 
(Health and 
Retirement 
Study) 
1992-
2002 
USA Population aged 
50+ (n=6,012) 
Retirement of self & 
spouse (i.e. not working 
for pay currently & for 
past 3 months, and self-
reported retired) 
Household spending on 
food at home; individual 
spending on eating out; 
BMI 
Chung et al 
2007262 
Hand-
searched 
To study the impact of 
retirement on diet, physical 
activity, BMI and waist 
circumference, over a 5-year 
follow-up 
Prospective 
cohort, with 
control (retired 
vs. employed, 
by job activity) 
1997-
2002 
Rural town, 
Netherlands 
Men aged 50-65 
(n=288) 
Not specifically defined 
(retirement) 
Food intake (FFQ); 
physical activity; 
anthropometric 
measures 
Nooyens et 
al 2005260 
Web of 
Science 
To preliminarily evaluate the 
impact of the Veggie Mobile 
[intervention] on the shopping 
and eating habits of a group of 
community-dwelling seniors 
Pre-post, no 
control (postal 
survey) 
2008 New York, 
USA 
Residents aged 
55+ (n=43) 
Reduced cost of fruit 
and vegetable provided 
weekly through a 
mobile van 
F&V intake (6-item 
questionnaire, 24 
hours); frequency of 
supermarket visits and 
amount spent 
Abusabha 
et al 2011263 
Web of 
Science 
To revisit spending on food at 
retirement and explore the 
hypothesis that retirement is 
accompanied by a negative 
wealth shock that causes 
people to reduce spending 
Panel survey 
(British 
Household 
Panel Survey) 
(involuntary/ 
early vs. 
voluntary 
retired) 
1991-
2002 
UK Men aged 45-64 
(n=2,000) 
Retirement (i.e. first 
year man is both not 
working & self-reports 
retired) 
Weekly food spending Smith 
2006261 
Hand-
searched 
(1) To examine the relationship 
between consumption 
Panel survey 
(Panel Study of 
1979-86 & 
1989-
USA Population aged Retirement of husband 
(i.e. latest reported year 
Annual household food Lundberg et Hand-
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Table 2–3 Characteristics of included studies 
Stated study objective Study design Year Setting Study population (n) 
Description of 
exposure Outcome(s) measured Author Source 
behaviour and retirement; (2) to 
test the bargaining model by 
comparing married couples 
behaviour at retirement to that 
of singles 
Income 
Dynamics) 
(unmarried vs. 
matched co-
habiting pairs) 
2002 45-74 (n=553) retired) spending (1985 US$) al 2003259 searched 
To evaluate dietary habits and 
body composition in a 
longitudinal study of municipally 
employed women before and 
after retirement 
Pre-post, no 
control (median 
5-month 
interval) 
Not 
reported 
Malmo, 
Sweden 
Female municipal 
employees 
(n=116) 
Not specifically defined 
(legal old age 
retirement) 
Food intake (diet 
interview); height; 
weight; skinfolds; and 
waist 
Steen et al 
1988257 
PubMed/ 
Medline 
To examine shifts in fibre 
intakes between pre- and post-
retirement periods 
Pre-post, no 
control (survey) 
Not 
reported 
London, UK Near-retired 
employees of 2 
firms (n=183) 
Retirement from work 
(i.e. minimum 6 months 
not in work) 
Fibre intake (7-day 
weighed diary) 
Davies et al 
1986256 
PubMed/ 
Medline 
To investigate the impact of 
retirement on one’s eating 
habits and food intake 
Pre-post, no 
control 
(comparison 6 
months pre with 
19 months post) 
Not 
reported 
Toulouse, 
France 
Persons near 
retirement (n=52), 
majority teachers 
Not specifically defined 
(retirement) 
Food intake (3-day 
diary); physical activity, 
perceived wellbeing 
Lauque et al 
1998258 
PubMed/ 
Medline 
FFQ, food frequency questionnaire 
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Table 2–4 Summary of reported findings from included studies 
Study 
quality Author 
Food 
Spending 
Food 
intake Details 
High Helldán et al 2011264  ↑, ≅ 
Prevalence of healthy food habits in retired women increased (41% to 53%), compared to still employed women (39% to 45%). No 
change seen in men after retirement (23% to 29%) vs. remaining employed (24% to 27%). Socio-demographic & health-related 
factors did not explain difference among women. Retirement accentuated existing gender differences in healthy food habits. 
High Chung et al 2007262 ↓, ≅  
Spending on eating out reduced by a mean of $10 per month when after the individual retired and by $7 after the spouse retired. 
The wife’s, but not husband’s, retirement decreased the spouse’s monthly spending on eating out by $13. Retirement did not affect 
household spending on food at home. Weight gain was weakly predicted by spending on eating out. 
High Nooyens et al 2005260  ↑, ↓ 
Men retired from former active jobs consumed less potatoes, more fish, and more juice each week, than older men still working. 
Men retired from sedentary jobs consumed more alcoholic beverages, more vegetables, less meat, less potatoes and less milk on a 
weekly basis. 
Medium Abusabha et al 2011263 ↓ ↑ 
48% reduced cost of F&V increased vegetable consumption from 33% to 51%; and increased fruit intake from 53% to 63%. 
Average spending at last supermarket trip decreased by nearly $15 and weekly Veggie Mobile shoppers spent $29 less at last 
supermarket visit than seniors using the program less often. 
Medium Smith 2006261 ↓, ≅  Involuntary retirement reduced food spending by 7-11% (depending on definition used). Effect greater for involuntarily early retired who have no employer pension and with no educational qualifications. 
Medium Lundberg et al 2003259 ↓, ≅  
Co-habiting households decrease their food expenditures, consumed both at and away from home, by about 9% after retirement of 
male. Retirement in single-person household did not show any significant decrease in food consumption. 
Medium Steen et al 1998257  ↑, ↓ 
Clear decreasing tendency of intake of energy (by 7%), protein (by 8%), fat (by 10%), calcium (by 12%), and riboflavin (by 11%) 
from before to after retirement. High-energy food items such as pastry and potato chips increased after retirement. Small changes 
in other items (not specified) seen after retirement. Average number daily meals decreased after retirement (from 5.2 to 4.8). 
Medium Davies et al 1986256  ↑, ≅ 
Mean daily fibre intake increased slightly after retirement (from 17.6±6.5 to 18.4±6.1 g/day), especially when breakfast was 
consumed. Percentage of participants below recommended levels of fibre did not change. Also, the main food groups contributing 
to dietary fibre intake (e.g. vegetables, breads, breakfast cereals & fruits) remained unchanged. 
Low Lauque et al 1998258  ↑, ≅ 
Retirement increased the percentage of participants spending over 30 minutes to eat lunch (from 25.5% to 45.5%), and the 
frequency of eating out and having guests for meals. Men ate more plant protein after retirement. The distribution of nutrients did 
not change after retirement, staying near recommended daily allowance except low calcium intake which increased slightly (from 
750.5±270 to 781±308 mg/day in women; and from 702±186 to 837.6±239.5 mg/day in men). 
↑, increase; ↓, decrease; ≅, no change 
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2.5 Discussion 
This review has shown how, despite ample research on economic correlates of diet in older 
people, robust evidence of actual economic determinants remains scarce and largely framed 
in terms of employment transition to retirement.  No relevant reviews were identified by the 
searches.  However, the study found nine relatively good quality studies reporting mixed 
impact on food spending and/or food intake.  Expenditures decreased and also remained 
unchanged; food intake increased and also decreased or stayed constant. Studies showed 
gender differences in impact on food spending and dietary intake.  Effects also varied by 
retirement voluntariness, occupational activity level, living arrangements and point-of-
purchase. 
Reported results suggest that when an individual and/or their spouse retire, they reduce 
spending on food eaten away from, but not at, home.  Notably, gender differences were 
observed insofar as spouses reduced away-from-home food spending when the wife, but not 
the husband, retired.  Retirement’s impact on food spending differed by living 
arrangements, with reductions occurring in co-habiting, but not single-person, households.  
The nature of retirement was also important, as larger decreases in food spending were 
reported for men retiring involuntarily despite their smaller income drop compared to men 
voluntarily retiring.  The documented expenditure decreases were notably similar to the 
amount indicated by UK pensioners as sufficient to enable them to improve their diet.265  
However, whose diet is impacted, or by how much, will be a matter of not only employment-
related economic change but also psycho-social context; contextual influences that may not 
be explained by known socio-demographic or health-related factors.264 
The impact on food intake depended on the dietary aspect measured and in whom, although 
increases were documented in all six studies reporting this outcome.  For example, 
prevalence of healthful consumption patterns increased after retirement among Finnish 
women and Dutch men.  However, employment-related economic change could also 
negatively impact women’s diets through, for example, limiting number of daily meals—a 
finding also reported in a recent qualitative study.266  Given the heterogeneity of food intake 
measures, reported increases and decreases are difficult to interpret in terms of contributing 
to dietary healthfulness.  Whereas decreases in overall quantity might promote health if 
optimal nutrition remains high or improves, increased consumption of energy-dense food 
items after retirement is likely to undermine nutritionally optimal diets. 
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The observed pattern of mixed impact on older people’s diet in reported results could be 
explained by the complex context of employment-related economic change.  The transition 
from employment to retirement involves diverse interconnected factors that are not only 
economic, such as those involving social structures, identities and gender roles, and 
psychological wellbeing.267  For women at least, Brown et al (2012) illustrated well the 
complex link of multiple life changes shaping dietary decisions and behaviours although 
financial changes and constraints most commonly and profoundly impacted their food 
choice.266  Another explanation for heterogeneity of documented impact is study differences 
in follow-up and therefore persistence of effect.  Some results more likely reflected short-
term impact on food spending or consumption (5-6 months after retirement), while follow-
up over several years was perhaps more indicative of long-term behavioural changes.  Yet, 
the average time spent in retirement prior to follow-up was only specified in two out of nine 
studies reviewed.  Finally, between-country variation in policies for welfare, healthcare or 
mandatory retirement could also explain findings of mixed impact.  Future studies should be 
designed to collect and analyse multi-level data on other socioeconomic characteristics, 
including length of and reasons for retirement, to clarify the role and relative contribution of 
multiple intersecting factors as potential economic determinants of older people’s diet. 
This review may have missed other evidence on economic mechanisms determining diet 
from grey literature as it focused exclusively on longitudinal studies in peer-reviewed 
publications.  Included studies were also restricted to adults aged 60 years and older which 
may have biased economic exposures analysed to employment-related change.  This review 
is nevertheless the most comprehensive reported to date, with searches conducted by two 
reviewers in eight databases covering interdisciplinary literature from a wide range of social 
sciences, not only the health field.  It did not restrict publication date to allow for potentially 
older studies, and used broad terms to help ensure the widest possible evidence was 
captured. 
The finding of scarce robust studies of economic determinants of older people’s dietary 
habits is not new,112 124 but one might expect the growth in empirical work on economic 
influences to advance the evidence base.  There still exists a large knowledge gap concerning 
economic determinants of diet in older ages, other than retirement.  Among longitudinal 
studies of retirement and diet, the use of comparison groups remains underdeveloped and 
the exposure tends to have unknown duration.  What has emerged from existing evidence is 
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a confirmation of the acknowledged complexity of studying determinants of diet in older 
ages.  This study therefore reaffirms the call to public health researchers to analyse and 
theoretically account for combined effects and interactions between change in a given 
economic factor, such as employment, and other dimensions of life transition in older 
individuals.11-13  
2.6 Conclusion 
Despite the well-established view that older people’s diets are especially vulnerable to 
varied economic influences, robust evidence of economic determinants remains scarce.  
Only a small body of work has developed on the transition from employment to retirement 
as a dynamic period of economic change.  It was clear the direction and size of impact on 
food spending or habits differed across subgroups analysed, but much less is known about 
persistence of reported effects.  Thus, firm conclusions about economic determinants of diet 
in older people are difficult to draw. 
If public health and policy aim to promote healthful eating and support behaviour change, 
then greater attention is needed to reproduce and add to this burgeoning evidence base 
using controlled longitudinal studies, with different exposures of defined periods and 
multiple dietary follow-up in various subgroups of the older population.  Only then can we 
know whether recurring concerns about increasing inflation and rising food prices have an 
impact, if any, on eating behaviours, how lasting they are and for which groups of older 
people. 
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CHAPTER 3 Financial hardship and diet quality in older 
adults 
This work is submitted as: Conklin AI, Forouhi NG, Suhrcke M, Surtees P, Wareham NJ, 
Monsivais P. Variety, more than quantity, of fruits and vegetables varies by multiple 
economic conditions in 9,580 older British adults. (Journal of Nutrition, under review). 
3.1 Abstract 
Background: Beyond quantity, variety of fruits and vegetables (FV) prevents chronic 
conditions and is widely recommended as critical to healthful eating.  FV consumption is 
socially patterned, especially for women, but little is known about diverse economic 
determinants of variety or whether they differ from those of quantity. 
Methods: This cross-sectional study examined six economic-related factors, including novel 
financial hardship measures, in relation to both variety (items/month) and quantity (g/d) of 
fruit and/or vegetable intake in older British adults.  Data came from 9,580 over-50s in the 
nationally representative EPIC cohort, UK, who responded to a postal Health and Life 
Experiences Questionnaire (1996-2000) and Food Frequency Questionnaire (1998-2002). 
Results: No consistent gradients by any economic factor, except education in men, were 
observed for quantity of fruits or vegetables.  By contrast, lower education, lower social class 
and renting were independently associated with lower fruit variety and vegetable variety in 
both women and men (p-trend <0.001).  Gradients were stronger in men as, for example, 
mean vegetable variety differed between top and bottom social classes by 2.9 items/month 
for men but 2.5 for women.  Greater financial hardship was also independently associated 
with lower variety, with gradients stronger in women for fruits and in men for vegetables. 
Conclusion: British over-50s who reported greater economic disadvantage, including 
financial hardships, consistently consumed fewer different fruits and/or vegetables, but not 
lower amounts.  Further nutrition studies of the protective effects, and underlying 
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mechanisms, of fruit variety and vegetable variety are warranted for addressing social 
inequalities in older adults’ diet quality.  In addition, dietary guidance should separately 
emphasise variety, and interventions should aim to address financial barriers to older adults’ 
consumption of diverse FV. 
3.2 Introduction  
Poor diet quality and low consumption of FV are associated with higher mortality and 
morbidity.23 27  Variety of foods, particularly FV, is commonly recommended as critical to 
healthful eating,31 35-37 and prospective evidence shows that, independent of quantity, a 
higher variety of fruits and/or vegetables consumed is protective against common chronic 
conditions.61-63  Greater variety is important for supporting health because variety improves 
nutritional adequacy and diet quality by increasing a person’s exposure to a wide range of 
nutrients and phytochemicals necessary to support normal physical functioning.39 42-48 53  
Moreover, greater diversity of foods consumed may also reduce hospitalisations and use of 
acute medical care among older adults.56  As older adults comprise more of the UK 
population (from 17% to 22% by 2032),3 there is increasing importance for health policy and 
population-level strategies to support healthy ageing through consumption of more, and 
varied, FV so as to prevent, and manage, the large and growing global burden of chronic 
conditions that impose substantial personal and social costs.26 27 41  Efforts to promote 
healthful eating, however, must be informed by evidence on the determinants of both 
quantity and variety of FV consumption since these measures have independent implications 
for health.  
It is known that FV consumption levels are strongly associated with SES as a conventional 
proxy for economic-related resources measured by income, occupational grade, education, 
or wealth.84 268 269  Whole-diet variety is also reported to increase when income increases, 
and more so among less educated groups;270 although more food variety is associated with 
higher cost.88 271 272  Beyond standard SES measures, an older person’s financial situation 
might also be worth considering among potential economic conditions determining healthful 
eating.273  Self-reported FH, such as difficulty paying bills, represents concrete financial strain 
that is likely to exert a more direct influence on their decisions about purchasing and 
consuming FV.127 274 275  One Finnish study of overall economic hardship reported 
associations with healthy food habits in working women, independent of four SES 
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indicators.241  Notably, everyday financial troubles are not sufficiently characterised by 
conventional SES indicators,276-278 and thus must be included in a holistic assessment of 
economic factors influencing diet among older populations which others have neglected.124  
Doing so will also add new evidence to current research on FH and health behaviours which 
has examined FH using a summary measure that combined different types of hardship.241 279  
Existing literature is therefore limited for this reason since older people may experience 
some hardships more than others, particularly difficulty paying bills and affording adequate 
food and clothing.211  To fill this gap, this study investigated six different economic-related 
factors in relation to both variety and quantity of fruits and/or vegetables in older British 
women and men. 
3.3 Methods 
3.3.1 Study population 
This study used data on over-50s from EPIC-Norfolk (detailed in 1.5.2), who were similar to 
the full cohort in terms of entry measures of socio-demographic characteristics and health 
behaviours (Appendix B, Table B–1). 
3.3.2 Measures 
Economic exposures 
Factors describing participants’ economic context as the exposure of interest were 
operationalised using three conventional SES indicators (education, occupational social class 
and home-ownership, as a wealth proxy), and three novel measures of FH (money for needs, 
frequency of insufficient money for food/clothing and difficulty paying bills). The maximum 
number of categories for each economic-related factor were used rather than dichotomised 
variables, so as to avoid obscuring important gradients in diet quality outcomes that may be 
present across the entire social spectrum.179  However, FH responses ‘often’ and ‘always’, or 
‘great’ and ‘very great’, were combined for analysis due to low numbers in these bottom 
categories.  Completed responses for the three FH measures from over-50s ranged between 
17,953 and 17,998 depending on the individual question.  Over-50 responders and non-
responders to FH questions showed small differences in socio-demographics measured at 
cohort entry, although similar differences were seen between the responders and non-
responders in the full cohort (Appendix B, Table B–2). 
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Dietary outcomes 
Two main outcomes were examined as proxies for diet quality.  The first was a continuous 
variable for the quantity of intake of fruits, vegetables or both reported as consumed by 
over-50s completing the EPIC-Norfolk Food Frequency Questionnaire (FFQ) at the second 
clinical assessment.  Quantity was calculated by summing the total amount (g/day) of fruits 
and/or vegetables.  The second outcome was a continuous score derived for the variety of 
reported intake of fruits and/or vegetables (see 1.5.2).  Those over-50s who responded to 
the FFQ in the analytic sample did not differ from those in the sample who did not respond 
to the FFQ (Appendix B, Table B–3). 
Socio-demographic variables 
Concurrent socio-demographic variables included: self-reported general health status 
(excellent, good, moderate, poor); smoking status (current, former, never); and marital 
status (married/living as married, single, widowed, separate, divorced); BMI (kg/m2) 
calculated from measured height and weight.  Regular car use (yes/no) was self-reported in 
the Environment and Physical Activity questionnaire during the period of this study (1998-
2000).  Age (continuous) and gender (male, female) were measured at entry. 
The process of selecting the eligible sample is given in Figure 3–1, with those analysed 
having near-complete (99%) information and including over-50s who responded to FH 
questions, had key covariates and plausible diet data at follow-up (range: 8,413—8,425) 
(averaging 18 months after FH exposures). 
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Figure 3–1 Process of sample selection from the EPIC-Norfolk cohort 
3.3.3 Data analysis 
Descriptive statistics summarised socio-demographic characteristics and crude mean variety 
or quantity of combined FV, across levels of novel FH measures.  Multivariable linear 
regression models assessed cross-sectional associations between each economic variable 
and dietary outcome, adjusting for energy intake, age, and marital status.  As known 
confounders, each is associated with economic factors and independently with diet.46 280 281  
Regression coefficients were then used for post-estimation calculation of adjusted means 
and 95 percent confidence intervals (CI95) (Model A).  Independent effects of a given 
economic factor on mean variety or quantity of fruits and/or vegetables were examined by 
further adjusting for all FH measures in analyses of each indicator of SES, and for all SES 
variables in analyses of each FH variable (Model B).  In addition, mean intakes of fibre (g), 
vitamin A (µg), magnesium (mg), potassium (mg), vitamin C (mg) and zinc (mg) across 
gender-specific quintiles of variety and quantity of fruit or vegetable intake were examined 
in post-estimation of stratified regression models adjusting for energy, age and quantity (for 
variety) or variety (for quantity). 
Models used a cross-product term between gender and exposure of interest to calculate 
gender-specific adjusted means and assess any statistically significant difference (p<0.05).  
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Linear contrast in coefficients from gender-stratified covariate-adjusted models of ordered 
categorical independent variables evaluated significance of linear trend; formulae were 
specific to each variable’s number of levels (e.g. 5 for difficulty paying bills).  For the 
unordered home-ownership variable, overall F statistic evaluated differences in group-
specific means.  Sensitivity analyses of both covariate- and SES-adjusted models included 
additional conditioning on: quantity (for variety as the independent variable); variety (for 
quantity as the independent variable); or other concurrent lifestyle factors (total alcohol 
(continuous); physical activity and energy expenditure (continuous); and smoking status 
(categorical)). 
3.4 Results 
The sample of 55% women averaged age 62 y, with 83% reporting good/excellent general 
health and 51% having ever smoked.  For the whole sample 13% were educated to degree-
level, although 15% of men and 11% of women reported degree-level education.  The top-
two social classes comprised 46% of the sample; more women (4%) than men (2%) had 
unskilled occupations.  Men and women were generally overweight at follow-up (26.8 kg/m2 
(SD 3.3), and 26.7 kg/m2 (SD 4.4), respectively).  Women reported consuming fewer total 
calories than men (1,850 versus 2,087 kcal/d).  Variety scores were normally distributed, 
with women consuming greater variety and more quantity of fruits and/or vegetables than 
men (24.2 items/month and 582 g/d versus 22.6 and 496, respectively).  Few over-50s 
reported no consumption (0 g/d) of any fruit (n=55) or vegetable (n=6) item and therefore 
scored zero for variety. 
Monotonic associations were observed between gender-specific quintiles of fruit variety and 
adjusted mean intakes of fibre, vitamin C, zinc, vitamin A, potassium, and magnesium.  
Results were similar, with magnitudes higher, for fruit quantity except regarding vitamin A 
which showed no monotonic association with fruit quantity (Appendix B, Table B–4).  Higher 
mean intakes of vitamin C, magnesium and potassium were associated with higher gender-
specific quintiles of vegetable variety.  Gradients were strongest for gender-specific quintiles 
of vegetable quantity (Appendix B, Table B–4). 
3.4.1 Sample characteristics across FH levels 
Socio-demographic characteristics were generally evenly distributed across levels of FH, but 
large differences were observed in marital status, education, social class, and home-
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ownership (Table 3–1).  There were higher proportions of women reporting the greatest 
hardship regarding insufficient money for food/clothing and difficulty paying bills.  Crude 
mean scores for FV variety decreased across increasing levels of hardship, while quantity was 
consistently lowest only for the greatest hardship category. 
3.4.2 FV intake by conventional SES groupings 
Three of the economic exposures examined using conventional SES indicators, showed a 
consistent gradient in the mean scores for fruit variety (Table 3–2, Model A).  Thus, higher 
education, higher social class, and home-ownership were each associated with higher variety 
scores, after accounting for known confounders.  However, the relationship between 
conventional SES indicators and fruit quantity did not reveal a consistent pattern of inverse 
association as statistically significant gradients in both genders were observed for only 
education and social class.  Clear and strong gradients by SES were also observed for both 
women and men in relation to vegetable variety, but not to quantity (Table 3–3, Model A).  
The only exception was gradients by education in vegetable quantity for men only.  At any 
level of an SES indicator, women consumed greater variety and quantity of fruits or 
vegetables than men. 
In additional models that further adjusted for all three FH measures, the relationship of each 
SES variable with each dietary outcome remained similar to the associations adjusted for 
covariates (Table 3–2 and Table 3–3, Model B).  Only one gender-specific exception was 
noted: the relationship of vegetable quantity became near-significantly graded by home-
ownership categories in women (p=0.05).  
Results for covariate- and FH-adjusted associations were repeated when FV intake was 
combined (Appendix B, Table B–5).  
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Table 3–1 Characteristics of older adults in the EPIC-Norfolk study across levels of FH 
 Women Not 
married 
Lower 
educationa 
Lower social 
classb 
Renterc Poor/ 
moderate 
health 
Ever 
smoker 
Irregular 
car use 
Mean (SD) FV 
quantity (g/d) 
Mean (SD) FV 
variety score 
(0-27 items/m) 
Having enough money for needs (n=8,413) 
More than enough (n=1,640) 53% 16% 28% 7% 1% 10% 46% 82% 539 (243) 24.4 (5.4) 
Just enough (n=6,011) 56% 20% 48% 16% 8% 16% 51% 78% 547 (262) 23.5 (5.5) 
Less than enough (n=762) 53% 31% 53% 23% 23% 28% 62% 83% 530 (282) 22.4 (5.9) 
Frequency of insufficient money for food or clothing (n=8,417) 
Never (n=5,197) 54% 18% 42% 12% 4% 13% 49% 81% 545 (258) 23.7 (5.5) 
Seldom (n=1,869) 56% 21% 48% 18% 8% 18% 52% 77% 549 (253) 23.9 (5.5) 
Sometimes (n=1,005) 59% 24% 53% 23% 16% 21% 53% 74% 546 (284) 23.3 (5.7) 
Often/ Always (n=346) 61% 36% 55% 27% 26% 32% 59% 74% 502 (257) 21.4 (6.2) 
Difficulty paying bills (n=8,425) 
None (n=5,151) 55% 17% 44% 12% 5% 13% 50% 79% 547 (257) 23.6 (5.5) 
Very little (n=1,991) 54% 21% 45% 17% 8% 17% 52% 79% 544 (257) 23.9 (5.4) 
Slight (n=602) 56% 22% 44% 20% 14% 21% 55% 75% 544 (270) 23.7 (5.8) 
Some (n=571) 60% 33% 52% 26% 23% 28% 56% 75% 524 (275) 22.9 (6.0) 
Great/ Very great (n=110) 60% 35% 54% 25% 27% 35% 68% 79% 531 (307) 21.4 (6.3) 
FV, combined intake of fruit and vegetable. Measurement time-points were: gender, education, and occupational class (1993-1997); home-ownership, FH measures and regular 
car use (1996-2000); self-rated general health, smoking status, marital status and dietary intake (1998-2002). aNo qualification or O-level. bPartly skilled (class IV), or unskilled (class 
V) occupations. cCouncil, private and furnished, or private and unfurnished accommodation. 
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Table 3–2 Adjusted mean quantity and variety of fruit intake in older adults in the EPIC-Norfolk study by levels of SES 
 Fruit quantity (g/d)  Fruit variety (items/m) 
 Women Men  Women Men 
 Model A Model B: + FH Model A Model B: + FH  Model A Model B: + FH Model A Model B: + FH 
Social class 
Professional 320 (300, 339) 321 (301, 342) 264 (244, 283) 263 (243, 283)  8.0 (7.8, 8.3) 8.0 (7.7, 8.2) 7.4 (7.2, 7.7) 7.4 (7.1, 7.6) 
Managerial and 
Technical 
306 (235, 253) 306 (297, 314) 244 (235, 253) 242 (233, 252)  8.0 (7.9, 8.1) 8.0 (7.9, 8.1) 7.0 (6.9, 7.2) 7.0 (6.9, 7.1) 
Skilled non-manual 295 (284, 306) 292 (281, 304) 236 (220, 251) 234 (218, 250)  7.6 (7.4, 7.7) 7.5 (7.4, 7.7) 6.6 (6.4, 6.8) 6.6 (6.4, 6.8) 
Skilled manual 295 (284, 306) 294 (282, 306) 225 (214, 237) 227 (215, 240)  7.5 (7.3, 7.6) 7.5 (7.3, 7.7) 6.4 (6.2, 6.5) 6.4 (6.3, 6.6) 
Partly skilled 295 (280, 309) 297 (282, 313) 228 (212, 243) 232 (215, 248)  7.5 (7.3, 7.6) 7.5 (7.3, 7.7) 6.2 (6.0, 6.4) 6.4 (6.2, 6.6) 
Unskilled 287 (260, 313) 281 (252, 310) 209 (173, 246) 211 (172, 250)  7.0  (6.7, 7.4) 7.1 (6.7, 7.4) 6.1 (5.6, 6.5) 6.1 (5.6, 6.6) 
P-trend 0.021 0.019 0.001 0.006  <0.001 <0.001 <0.001 <0.001 
Education 
Degree 318 (303, 333) 317 (302, 333) 261 (247, 275) 258 (244, 273)  8.2 (8.1, 8.4) 8.2 (8.0, 8.4) 7.5 (7.3, 7.6) 7.4 (7.2, 7.6) 
A-level 307 (299, 315) 306 (297, 314) 233 (225, 241) 233 (225, 242)  8.0 (7.9, 8.1) 7.9 (7.8, 8.1) 6.8 (6.7, 6.9) 6.8 (6.7, 6.9) 
O-level 291 (277, 306) 291 (276, 307) 239 (220, 257) 234 (215, 254)  7.8 (7.6, 8.0) 7.8 (7.6, 7.9) 6.7 (6.5, 7.0) 6.7 (6.4, 6.9) 
No qualification 292 (284, 299) 291 (282, 299) 231 (221, 241) 233 (223, 244)  7.3 (7.2, 7.4) 7.4 (7.2, 7.5) 6.3 (6.2, 6.4) 6.3 (6.2, 6.5) 
P-trend 0.001 0.002 0.001 0.01  <0.001 <0.001 <0.001 <0.001 
Home-ownership 
Owner occupier 300 (294, 305) 299 (294, 305) 239 (233, 245) 238 (232, 245)  7.8 (7.7, 7.8) 7.8 (7.7, 7.8) 6.8 (6.7, 6.9) 6.8 (6.7, 6.9) 
Renter, private 293 (260, 326) 296 (263, 328) 224 (187, 260) 225 (188, 262)  7.2 (6.8, 7.6) 7.3 (6.9, 7.7) 6.1 (5.6, 6.6) 6.2 (5.7, 6.6) 
Renter, public 299 (277, 320) 302 (280, 324) 225 (197, 252) 229 (201, 257)  7.0 (6.7, 7.3) 7.1 (6.9, 7.4) 5.9 (5.6, 6.3) 6.0 (5.7, 6.4) 
P-difference 0.924 0.947 0.468 0.654  <0.001 <0.001 <0.001 <0.001 
Gender-specific means (CI95) obtained by multivariable linear regression analysis adjusted for total energy intake (kcal/d), baseline age (continuous), and concurrent marital status 
(categorical) (Model A); then for FH (money for needs; frequency of insufficient money for food/clothing; difficulty paying bills) (Model B). Model B numbers were: social class 
(8,535); education (8,678); home-ownership (8,538). 
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Table 3–3 Adjusted mean quantity and variety of vegetable intake in older adults in the EPIC-Norfolk study by levels of SES 
 Vegetable quantity (g/d)  Vegetable variety (items/m) 
 Women Men  Women Men 
 Model A Model B: + FH Model A Model B: + FH  Model A Model B: + FH Model A Model B: + FH 
Social class 
Professional 278 (264, 291) 280 (266, 294) 261 (248, 274) 259 (246, 273)  17.6 (17.2, 18.0) 17.6 (17.2, 18.0) 17.2 (16.7, 17.6) 17.1 (16.6, 17.5) 
Managerial and 
Technical 
291 (285, 297) 293 (287, 298) 266 (260, 272) 267 (261, 274)  17.2 (17.1, 17.4) 17.2 (17.1, 17.4) 16.6 (16.5, 16.8) 16.6 (16.4, 16.8) 
Skilled non-manual 278 (270, 285) 279 (271, 286) 253 (243, 263) 254 (243, 265)  16.3 (16.1, 16.5) 16.3 (16.1, 16.5) 15.7 (15.3, 16.0) 15.7 (15.3, 16.0) 
Skilled manual 287 (279, 294) 284 (275, 292) 255 (247, 263) 254 (246, 263)  15.9 (15.7, 16.2) 15.9 (15.7, 16.2) 15.0 (14.8, 15.3) 15.1 (14.8, 15.4) 
Partly skilled 272 (262, 282) 271 (261, 281) 257 (247, 268) 256 (245, 267)  15.8 (15.5, 16.1) 15.8 (15.5, 16.1) 14.9 (14.5, 15.2) 15.0 (14.7, 15.3) 
Unskilled 278 (260, 296) 267 (249, 288) 246 (221, 271) 244 (217, 271)  15.1 (14.5, 15.7) 15.2 (14.6, 15.8) 14.3 (13.5, 15.1) 14.4 (13.6, 15.2) 
P-trend 0.393 0.077 0.156 0.155  <0.001 <0.001 <0.001 <0.001 
Education 
Degree 282 (272, 292) 281 (271, 292) 263 (254, 273) 263 (253, 273)  17.7 (17.4, 18.0) 17.6 (17.3, 17.9) 17.1 (16.8, 17.4) 17.0 (16.7, 17.3) 
A-level 288 (282, 293) 288 (282, 294) 264 (258, 269) 264 (258, 269)  17.1 (17.0, 17.3) 17.1 (17.0, 17.3) 16.1 (15.9, 16.3) 16.2 (16.0, 16.3) 
O-level 277 (267, 287) 278 (267, 288) 254 (241, 266) 254 (240, 267)  16.7 (16.4, 17.0) 16.7 (16.4, 17.0) 16.3 (15.9, 16.7) 16.2 (15.8, 16.6) 
No qualification 283 (277, 288) 281 (275, 287) 253 (246, 260) 254 (247, 261)  15.6 (15.5, 15.8) 15.7 (15.5, 15.8) 14.8 (14.6, 15.0) 14.9 (14.7, 15.2) 
P-trend 0.662 0.638 0.019 0.050  <0.001 <0.001 <0.001 <0.001 
Home-ownership 
Owner occupier 285 (281, 288) 285 (281, 289) 261 (257, 265) 261 (257, 265)  16.7 (16.6, 16.8) 16.7 (16.6, 16.8) 16.0 (15.9, 16.2) 16.1 (15.9, 16.2) 
Renter, private 283 (261, 306) 283 (260, 305) 247 (222, 272) 248 (222, 273)  16.0 (15.3, 16.7) 16.1 (15.4, 16.8) 15.2 (14.5, 16.0) 15.4 (14.6, 16.1) 
Renter, public 267 (253, 282) 264 (249, 279) 251 (233, 270) 250 (231, 269)  14.8 (14.4, 15.3) 15.0 (14.5, 15.5) 13.9 (13.3, 14.5) 14.0 (13.4, 14.6) 
P-difference 0.111 0.050 0.308 0.276  <0.001 <0.001 <0.001 <0.001 
Gender-specific means (CI95) obtained by multivariable linear regression analysis adjusted for total energy intake (kcal/d), baseline age (continuous), and concurrent marital status 
(categorical) (Model A), then for FH (money for needs; frequency of insufficient money for food/clothing; difficulty paying bills) (Model B). Model B numbers were: social class 
(8,535); education (8,678); home-ownership (8,538). 
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3.4.3 FV intake by FH levels 
In covariate-adjusted models, the relationship between FH and quantity of fruits also did not 
show a clear gradient or differences by gender (Table 3–4, Model A).  By contrast, an inverse 
association between all measures of FH and mean fruit variety was seen in women and men.  
Results were similar for vegetable intake (Table 3–5, Model A).  Notably, women appeared 
to have stronger associations between FH and fruit variety; whereas men showed stronger 
hardship differences in relation to vegetable variety.  
Further adjustment for conventional SES indicators minimally attenuated the associations 
between FH and mean scores for fruit variety (Table 3–4, Model B), or vegetable variety 
(Table 3–5, Model B).  Attenuation of associations between difficulty paying bills and variety 
scores occurred more for men than women.  Nonetheless, all three FH measures showed an 
inverse trend in mean fruit variety for both genders after considering conventional SES 
indicators, although it appeared stronger for women.  By contrast, gradients by FH measures 
in mean vegetable variety lost significance after additionally adjusting for education, social 
class and home-ownership, with two exceptions in men (frequency of insufficient money for 
food/clothing and difficulty paying bills). 
Differences between the highest and lowest mean scores for combined FV variety scores 
were generally greater in men for each FH measure, overall (Model A) and independent of 
SES (Model B) (Appendix B, Table B–7). 
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Table 3–4 Adjusted mean quantity and variety of fruit intake in older adults in the EPIC-Norfolk study by levels of FH 
 Fruit quantity (g/d)  Fruit variety (items/m) 
 Women Men  Women Men 
 Model A Model B: + SES Model A Model B: + SES  Model A Model B: + SES Model A Model B: + SES 
Enough money for needs 
More than enough 299 (287, 311) 295 (283, 308) 241 (228, 254) 237 (224, 250)  8.0 (7.8, 8.1) 7.8 (7.6, 7.9) 7.1 (6.9, 7.3) 6.9 (6.8, 7.1) 
Just enough 300 (294, 306) 301 (295, 307) 236 (229, 243) 239 (232, 246)  7.7 (7.6, 7.8) 7.7 (7.7, 7.8) 6.7 (6.6, 6.8) 6.7 (6.7, 6.8) 
Less than enough 297 (280, 315) 297 (279, 315) 237 (219, 256) 238 (219, 257)  7.2 (7.0, 7.4) 7.4 (7.1, 7.6) 6.3 (6.1, 6.6) 6.5 (6.3, 6.8) 
P-trend 0.754 0.961 0.766 0.912  <0.001 0.001 <0.001 0.023 
Frequency of insufficient money for food/clothing 
Never 301 (295, 308) 302 (295, 308) 241 (234, 248) 241 (234, 248)  7.8 (7.7, 7.9) 7.7 (7.7, 7.8) 6.8 (6.7, 6.9) 6.8 (6.7, 6.8) 
Seldom 299 (288, 309) 300 (289, 311) 233 (220, 245) 236 (224, 249)  7.8 (7.7, 7.9) 7.9 (7.7, 8.0) 6.8 (6.6, 6.9) 6.9 (6.7, 7.0) 
Sometimes 300 (286, 315) 300 (285, 315) 226 (209, 243) 229 (211, 247)  7.5 (7.3, 7.7) 7.6 (7.4, 7.8) 6.6 (6.4, 6.8) 6.8 (6.5, 7.0) 
Often/ Always 269 (245, 293) 268 (242, 293) 233 (203, 262) 230 (199, 261)  6.9 (6.6, 7.2) 7.1 (6.8, 7.4) 6.1 (5.7, 6.5) 6.3 (5.9, 6.7) 
P-trend 0.019 0.017 0.472 0.397  <0.001 <0.001 <0.001 0.039 
Difficulty paying bills 
None 303 (297, 310) 303 (296, 310) 242 (234, 249) 242 (235, 250)  7.8 (7.7, 7.8) 7.7 (7.6, 7.8) 6.8 (6.7, 6.9) 6.7 (6.7, 6.8) 
Very little 294 (283, 305) 294 (283, 305) 233 (221, 244) 235 (223, 247)  7.8 (7.7, 8.0) 7.9 (7.7, 8.0) 6.8 (6.6, 6.9) 6.8 (6.7, 7.0) 
Slight 300 (281, 320) 302 (282, 322) 227 (205, 249) 227 (205, 249)  7.6 (7.3, 7.8) 7.7 (7.4, 7.9) 6.9 (6.6, 7.2) 6.9 (6.6, 7.2) 
Some 290 (271, 309) 292 (273, 312) 218 (194, 241) 221 (197, 245)  7.4 (7.1, 7.6) 7.5 (7.3, 7.8) 6.4 (6.1, 6.7) 6.5 (6.2, 6.8) 
Great/ Very great 261 (218, 304) 253 (209, 298) 248 (196, 301) 244 (190, 298)  6.6 (6.0, 7.1) 6.7 (6.1, 7.2) 6.3 (5.7, 7.0) 6.6 (5.9, 7.2) 
P-trend 0.045 0.027 0.997 0.914  <0.001 <0.001 0.104 0.488 
Gender-specific means (CI95) obtained by multivariable linear regression analysis adjusting for energy intake (continuous), baseline age (continuous), concurrent marital status 
(categorical) (Model A), then for SES (education, social class and home-ownership) (Model B). Model B numbers were: money for needs (8,413); insufficient money for 
food/clothing (8,417); difficulty paying bills (8,425). 
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Table 3–5 Adjusted mean quantity and variety of vegetable intake in older adults in the EPIC-Norfolk study by levels of FH 
 Vegetable quantity (g/d)  Vegetable variety (items/m) 
 Women Men  Women Men 
 Model A Model B: + SES Model A Model B: + SES  Model A Model B: + SES Model A Model B: + SES 
Enough money for needs 
More than enough 279 (271, 287) 276 (268, 285) 256 (247, 265) 253 (244, 262)  17.0 (16.7, 17.2) 16.5 (16.2, 16.7) 16.6 (16.3, 16.9) 16.1 (15.9, 16.4) 
Just enough 285 (281, 289) 286 (282, 290) 261 (256, 266) 262 (257, 267)  16.5 (16.4, 16.6) 16.6 (16.5, 16.7) 15.9(15.7, 16.0) 16.0 (15.8, 16.1) 
Less than enough 280 (268, 292) 279 (266, 291) 262 (250, 275) 265 (252, 278)  15.9 (15.6, 16.3) 16.4 (16.0, 16.7) 15.2 (14.8, 15.6) 15.6 (15.2, 16.0) 
P-trend 0.904 0.776 0.396 0.106  <0.001 0.545 <0.001 0.057 
Frequency of insufficient money for food/clothing 
Never 281 (277, 286) 281 (276, 285) 260 (255, 264) 259 (254, 264)  16.6 (16.5, 16.8) 16.5 (16.3, 16.6) 16.0 (15.9, 16.2) 15.9 (15.8, 16.1) 
Seldom 287 (279, 294) 289 (281, 297) 262 (254, 270) 263 (255, 272)  16.7 (16.4, 16.9) 16.8 (16.6, 17.1) 16.0 (15.7, 16.3) 16.1 (15.9, 16.4) 
Sometimes 286 (276, 296) 288 (278, 298) 262 (251, 274) 264 (251, 276)  16.3 (16.0, 16.6) 16.7 (16.4, 17.0) 15.8 (15.4, 16.2) 16.2 (15.8, 16.5) 
Often/ Always 283 (267, 299) 284 (267, 301) 246 (226, 266) 252 (231, 273)  15.6 (15.1, 16.1) 16.0 (15.5, 16.5) 14.1 (13.5, 14.7) 14.6 (14.0, 15.3) 
P-trend 0.884 0.750 0.183 0.470  <0.001 0.054 <0.001 <0.001 
Difficulty paying bills 
None 282 (278, 287) 282 (278, 287) 258 (253, 263) 258 (253, 263)  16.5 (16.4, 16.7) 16.4 (16.3, 16.6) 16.0 (15.8, 16.1) 15.9 (15.7, 16.1) 
Very little 287 (280, 294) 288 (280, 295) 265 (257, 273) 266 (258, 274)  16.8 (16.6, 17.1) 16.9 (16.7, 17.1) 16.0 (15.8, 16.3) 16.1 (15.9, 16.4) 
Slight 290 (277, 303) 294 (280, 307) 259 (244, 274) 260 (245, 275)  16.5 (16.1, 16.9) 16.8 (16.4, 17.2) 16.2 (15.7, 16.6) 16.3 (15.8, 16.7) 
Some 272 (259, 285) 273 (260, 286) 252 (237, 268) 255 (238, 271)  16.0 (15.6, 16.4) 16.4 (16.0, 16.9) 15.4 (14.9, 15.9) 15.8 (15.3, 16.3) 
Great/ Very great 283 (254, 312) 283 (253, 314) 278 (242, 313) 286 (249, 323)  15.4 (14.5, 16.4) 15.8 (14.9, 16.7) 14.0 (12.9, 15.1) 14.6 (13.5, 15.7) 
P-trend 0.635 0.652 0.453 0.213  0.001 0.054 <0.001 0.019 
Gender-specific means (CI95) obtained by multivariable linear regression analysis adjusting for energy intake (continuous), baseline age (continuous), and concurrent marital 
status (categorical) (Model A), then for SES (education, social class and home-ownership) (Model B). Model B numbers were: money for needs (8,413); insufficient money for 
food/clothing (8,417); difficulty paying bills (8,425). 
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Sensitivity analyses of independent associations between each economic exposure and 
dietary outcomes are given in Table B–6, Table B–8 and Table B–9 in Appendix B.  Inclusion 
of other lifestyle factors or quantity of fruit and/or vegetable intakes did not alter the 
relationship between any economic factor examined and variety outcomes.  Additional 
adjustment for variety in analyses of quantity either attenuated or amplified associations 
with a given economic exposure in no clear pattern for both genders. 
3.5 Discussion 
3.5.1 Synopsis of results 
Quantity and variety of FV intake were differentially associated with multiple economic 
factors.  Clear gradients in variety of fruit and/or vegetable were observed across three 
conventional SES indicators and three types of FH, whereas inverse associations for quantity 
outcomes were less consistent.  For conventional SES indicators, gradients in fruit variety 
and vegetable variety appeared steeper in men.  For FH measures, however, the association 
with fruit variety appeared somewhat stronger in women while the association with 
vegetable variety was stronger in men.  Among the different hardships, difficulty paying bills 
showed the greatest difference in mean variety between extreme categories.  Statistically 
significant associations between FH and variety outcomes remained after considering SES.  
Conversely, gradients in variety by SES were independent of FH. 
3.5.2 Methodological considerations 
Some study weaknesses are acknowledged. Exposure and outcome variables were self-
reported and may be subject to recall, social desirability or same-source bias.  Interpretation 
of the meaning of FH can also vary widely across a population; equivalent levels of financial 
strain can be perceived and experienced as status quo for some groups but as deprivation 
for others.282  Thus, participants’ responses about their economic conditions, either positive 
or negative, may be systematically influenced by an overall view of life.  Nevertheless, 
precedent exists for the FH measures used here as findings of independent associations are 
consistent with other studies of self-reported and objective health outcomes in similarly-
aged groups.282-284  Furthermore, subjective levels of FH deserve investigation as perceived 
resources might impact diet variety more than actual levels.128  Hardship was measured once 
approximately 18 months before diet; thus duration or transitions could not be ascertained.  
Thus, there may be misclassification of exposures stemming from changes to participants’ 
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hardship levels in the interval between surveys.  However, this would have biased results 
towards the null since any misclassification would be unrelated to dietary outcomes and 
thus non-differential. 
Since low income is associated with low intakes of FV in older adults,127 results may be 
subject to residual confounding from income, which was not collected in the cohort.  While 
the unobserved influence of income cannot be discounted, current income is not 
consistently associated with diet quality and does not fully characterise a person’s financial 
situation; it is also not the only structural resource used by older adults to fund their 
expenses.115 276 277 281  Residual confounding is also possible from not examining other types 
or functions of social relationships (e.g. existence of a trusted confidant) that can be 
important factors influencing diet quality285 or variety,286 and might also contribute to SES-
based health inequalities.287  Future research should explore how both social and economic 
aspects of older individuals’ life circumstances interact to influence dietary behaviours as 
called for in the public health research and policy literature.13 20  
Notwithstanding such limitations, this study has several strengths: a large sample size, 
gender-specific analyses, adjustment for known confounders including multiple lifestyle 
factors, and six factors describing older people economic conditions.  Multiple economic 
factors were examined, including potentially important variables of the financial situation.  
The examination of three separate FH measures was important for providing unique 
information on whether different types of this economic domain might be associated with 
diet quality.288  This study also included a proxy for wealth which was employed as a unique 
SES measure since a review of evidence on SES indicators showed home-ownership is a 
measure of wealth in older populations,219 and wealth is known to be associated with diet in 
UK elderly.220  Additionally, it further specified as many relevant economic factors as possible 
(rather than SES overall) for women and men separately to avoid assuming economic 
comparability of individuals who are similar on a single factor (e.g. education).179  As 
recommended, this study used multiple categories for specified economic factors which 
helps to uncover important gradients in diet quality that could apply across the social 
spectrum.179  Finally, this study examined multiple economic influences on two separate 
measures of healthful dietary behaviours.  Variety of foods, specifically of FV intake, has 
several unique attributes: it is a good marker of overall diet quality;44 46 64 counting the 
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number of different FV items has proven utility for chronic disease aetiology;53 61 63 289 and, it 
is an established concept in dietary recommendations,40 41 including for older adults.39 
3.5.3 Relationship to previous work 
The finding of differential social patterning between quantity and variety of fruit or 
vegetable consumption highlights the need to study them separately, given the separate 
health implications of variety and quantity for lowering risk of prominent chronic 
conditions.61-63  On the one hand, FV are low in energy and high in fibre and thus quantity 
may benefit health by reducing the overall energy content of a diet.61  On the other hand, 
variety of FV intakes will also have a specific role for health by ensuring a balance of the 
multitude of micronutrients, dietary fibre and other bioactive compounds necessary for 
maintaining physical functioning.44 46  A higher vegetable variety may provide individuals 
with specific vegetable sub-groups that contain high concentrations of flavonoids and 
carotenoids which have known health benefits.290  While the biological mechanisms for the 
protective effects of variety are not fully elucidated, the health benefits of FV are likely to 
stem from both individual and synergistic effects of a range of nutritive and non-nutritive 
food components.43 61  It is possible that eating a wide variety of fruits or vegetables benefits 
health by ensuring a diverse composition of intestinal microbiota as diet-driven losses in the 
range of gut microbes are associated with increased frailty and health decline in older 
adults.291 
As this study showed that FV quantity mattered more than variety for promoting higher 
intakes of some beneficial nutrients in the diet, higher variety might be more beneficial in 
terms of providing other nutrients and phytochemicals that are more specific to certain fruit 
or vegetable items that are consumed preferentially by those with more varied intakes.292  
Nutritional science would therefore benefit from research aimed at elucidating the unique 
health benefits of fruit variety and vegetable variety.  Some suggest that a diet adequate in 
essential nutrients requires consuming a minimum of 15 different foods per week,43 293 294 
but further work is also needed to establish what, if any, threshold of variety is needed 
within the fruit and vegetable food categories to support healthy ageing.24  Despite a body of 
epidemiological evidence in different settings favouring a varied diet among older adults,48 
50-55 289 295 current recommendations31 35 36 remain limited in specifying thresholds for 
between versus within fruits and vegetables.  They also lack clear distinction and emphasis 
on variety of intake which was more influenced by diverse economic factors than quantity. 
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In the full EPIC-Norfolk cohort, social class and education levels were associated with FV 
quantity, with educational differences stronger in women and social class differences 
stronger in men.296  In the present sample of EPIC over-50s, significant linear associations of 
education and social class were found with fruit quantity for both women and men, after 
adjustment for FH measures, in a pattern consistent with wider literature.101  For vegetable 
quantity, independent associations were borderline significant for education in men and 
wealth in women.  Linear associations between all conventional SES indicators and variety of 
either fruits or vegetables were significant in both genders, although gradients were 
somewhat stronger in men which have no clear explanation.  Moreover, compared to men, 
older women’s fruit variety was more strongly associated with each of the novel FH 
measures which is consistent with known gender differences in the worse financial status 
and experience of women.206 297  
The independent association of FH with variety, and not quantity, of FV is similar to results 
from a Finnish occupational study which examined overall FH in relation to a score of food 
habits recommended as healthy, and adjusted for education, occupational class, income and 
home-ownership.241  Wider consumer economic literature also supports the observation 
that FH was independently associated with variety, more than quantity, of fruits and/or 
vegetables.  Several consumer studies show that individuals who shop for food under 
financial pressure tend to economise by limiting the variety of products before reducing the 
quantity of foods purchased, with the cheapest food items chosen within each food 
category.243 298-300  Everyday financial troubles were expected to show stronger associations 
with dietary behaviours than SES because they would plausibly exert a more direct influence 
on older people’s decisions to purchase FV.  Yet, in this cohort, conventional SES indicators 
showed slightly larger differences in mean variety of fruits and/or vegetables than gradients 
observed for FH measures.  This finding might be explained by a phenomenological 
difference between SES and FH as the latter might have a relatively more transient nature 
than more time-invariant factors such as education, social class or home-ownership.  
Nonetheless, FH measures offered additional explanatory power for understanding variation 
in fruit variety and vegetable variety among older women and men as inverse associations 
remained significant after SES adjustment.  Others have also reported independent effects of 
FH on weight301-304 which has known associations with FV consumption.23 72 305 
Financial hardship and diet quality in older adults Chapter 3 
54 
Given independent associations between SES, or FH, and diet quality, there are likely two 
sets of pathways linking an older person’s economic circumstances to healthful eating 
behaviours.  Overall, SES may influence FV consumption through mechanisms involving 
dietary knowledge and health literacy as well as social roles and cultural norms related to 
health, food habits, and good nutrition.116 306  Concurrently, FH may influence variety 
through mechanisms that also involve material resources and spending power.84  In 
particular, FH gradients observed for fruit variety and vegetable variety may be explained by 
the cost constraint of expensive types of FV as older individuals with greater hardships in 
paying bills, for example, may avoid more costly diverse diets since a higher proportion of 
their budgets is spent on housing and utility costs.243 272 274 
Preliminary investigation of diet information reported at entry by the same over-50s 
indicated a difference of £0.62/d (16%) and £0.86/d (23%) in mean diet cost between the 
highest and lowest tertiles of fruit variety and vegetable variety, respectively (means 
adjusted for age, gender and total energy intake).  The role of price is potentially universal, 
as results from an RCT in New Zealand indicated no variation by ethnicity, income or 
education in the association of price discounts with purchasing of healthful foods.307  This 
mechanism may apply across cultures as studies of older Australians and older Taiwanese 
found higher variety of overall diets (total count of unique food items/groups) was 
associated with higher total food expenditure.272 274  However, caution in generalising 
findings from studies of non-European elderly is needed as analyses did not adjust for known 
confounders, particularly total energy intake. 
Future research should formally explore potential mediators to determine shared and 
separate pathways that link SES and FH with diet quality.  Given that older adults are 
especially vulnerable to FH for multiple reasons,208 209 public health efforts to promote 
healthful eating among older adults may benefit from a greater consideration of their 
current economic conditions.  Reducing financial barriers to healthful eating is essential for 
older people whose greater need to manage chronic illnesses with healthful diets2 imposes a 
higher cost.308  Strategies might focus on helping their management of bill payment, and on 
improving reach to seniors of existing financial assistance and money management 
programs.309 310 
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3.6 Conclusion 
This study found that variety, more than quantity, of FV intake among older adults in this UK 
cohort was consistently patterned by conventional SES and novel FH measures.  Different 
types of FH each provided additional explanatory power for understanding variation in the 
variety of fruits and vegetables consumed by over-50s beyond education, social class or 
home-ownership.  However, gradients by education, social class and wealth appeared 
somewhat stronger.  Health promotion and interventions to increase FV consumption 
among older adults will need to explicitly call out the importance of variety and account for 
the multiple economic barriers that might limit the uptake of this advice.  Moreover, a focus 
is needed to improve fruit variety in women and vegetable variety in men. 
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CHAPTER 4 Social ties and diet quality in older adults 
This work is published as: Conklin AI, Forouhi NG, Surtees P, Khaw K-T, Wareham NJ, 
Monsivais P. Social relationships and healthful dietary behaviour: evidence from over-50s in 
the EPIC cohort, UK. Social Science & Medicine 2014; 100:167-75. 
4.1 Abstract 
Background: Social relationships are an important aspect of a person’s social environment 
that can protect against a wide range of chronic conditions and facilitate recovery from 
disease.  Social relationships have also been linked to dietary behaviour which may be an 
important pathway through which social circumstances exert their influence on health.  Yet, 
questions remain about which structural aspects of social relationships most affect healthful 
dietary behaviours and whether different structural components interact to produce a 
combined effect. 
Methods: Using data from 9,580 adults (≥50 years) in the European Prospective 
Investigation of Cancer-Norfolk study (1996—2002), marital status, living arrangement and 
social isolation were examined in relation to scores for variety of fruit and vegetable intakes 
as a marker of diet quality associated with adverse health outcomes.  Data were analysed 
with multivariable linear regression models for gender-specific and interaction associations. 
Results: Being single or widowed was associated with a lower variety score, particularly 
vegetable variety, and associations were enhanced when combined with male gender, living 
alone or infrequent friend contact.  Lower variety scores for lone-living were also observed, 
especially for men.  Infrequent friend contact interacted with living arrangement to amplify 
negative associations of lone-living with variety, with statistically significant differences in 
contact frequency for vegetable variety.  Lower levels of friend contact were associated with 
reduced variety of fruits and vegetables in a graded trend for both genders; the trend was 
more pronounced among men.  Family contact appeared to have limited association with 
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vegetable variety in men; among women, weekly contact was significantly and positively 
associated with vegetable variety compared to daily family contact. 
Conclusion: Results highlighted the importance of considering living arrangement and/ or 
frequency of social contact when assessing whether widowed, single or lone-living older 
adults are at risk of lower variety of fruits and vegetables. 
4.2 Introduction 
Social relationships are known to affect health and survival to an extent comparable with 
smoking.311  Women and men differ in the number and size of different types of social 
relationships,312 and in the health impacts.313-315  Several health-related behaviours are likely 
to mediate this link for some, but not all, aspects of a person’s social context.316  Diet is a 
strong candidate for systematic examination along the pathway between social relationships 
and health so as to better inform chronic disease prevention and promotion of healthy 
ageing. 
A person’s social circumstances can influence the type and variety of foods consumed in 
multiple ways and thereby impact health.  Psychosocial mechanisms involved include social 
support, social influence, social engagement and attachment, and access to resources and 
material goods.306  Physiological experiments demonstrate the theory of social facilitation in 
food intake by showing how the number of people present determines meal size317 
irrespective of time, place, alcohol or snack consumption.318  More specifically, more food is 
consumed when a person eats in the presence of family and friends than when eating 
around less familiar people such as acquaintances.319  Others also find that, regardless of 
personal taste, a social context in which people eat in the presence of others can influence 
not only the volume320 but also the variety101 of foods consumed.  Among older people, 
having fewer social contacts or living alone is associated with consuming fewer calories, a 
less varied diet and fewer portions of FV.116  Food-related behaviours may be particularly 
influenced by these social factors in widowed men and seniors with limited support.321 
Regarding close relationships, spouses and friends appear to be most concordant in their 
dietary patterns and, over time, concordances are strongest in spouses.322  However, spousal 
or friend influences on dietary behaviours are likely gendered.  For example, wives 
contribute more to husbands’ diet quality than the reverse158 such that married older men 
have reported higher intakes of fruits, vegetables and energy-adjusted intakes of antioxidant 
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vitamins and fibre.323  By contrast, friend support appears to contribute more to women’s 
dietary behaviours, particularly when change is needed to make improvements.324 325  Similar 
gender differences are reported in other work on stress and emotions associated with food 
intake: marital status best predicts stress-related eating in men while lack of emotional 
support predicts it in women.326  Separate psycho-biological mechanisms involving neuro-
endocrine pathways might also link social relationships to dietary behaviours depending on 
the type (acute or chronic) and perceived severity (threat or challenge) of stress.327 328  
Structural and functional components of social relationships likely impact health and diet in 
different ways.306 311  Structural components represent the existence and interconnections of 
differing social relationships and roles possessed by an individual; this more objective 
characteristic indicates how relationships are organised and makes support functions 
possible.311 329  Structural underpinnings of a person’s social context are a pathway of 
influence on diet quality that contains many different types of relationships which remain to 
be examined for their joint effects.306 329 330  This study aimed to provide new evidence on 
synergistic influences on healthful dietary behaviours from multiple social relationships. 
This study proposes that structural social relationships comprise unique elements acting 
independently and synergistically to influence the healthfulness of individual dietary 
behaviour.  One hypothesis was that partnership, co-living and frequent social contact would 
be independently associated with FV variety, with effects of marital status and living 
arrangement greater for men and social contact stronger for women.  Frequent social 
contact or co-living was also hypothesised to mitigate the negative association of being 
single or widowed or having rare family contact with variety.  Similarly, frequent friend 
contact was expected to lessen the negative association of living alone with variety. 
4.3 Methods 
4.3.1 Study population 
Similar to Chapter 3, this study included the 20,274 over-50s from the population-based 
EPIC-Norfolk cohort.  The sample selection process was the same as that indicated in Figure 
3–1 above.  For this study, social relationships were assessed in 50-71% of cohort 
participants using the HLEQ instrument.  Responses to individual questions from over-50s 
ranged between 10,352 and 14,494. 
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4.3.2 Measures 
Structural social relationship exposures 
Structural social relationships were studied using three types of connections: marital status, 
living arrangement, and social isolation.  Marital status (n=6,257) had five response 
categories (married/living as married, single, widowed, divorced and separated) and four 
were used in analyses (partnered, single, widowed, divorced/separated), with ‘partnered’ 
(married/living as married) as the reference group.  The binary question “does anyone live in 
your household besides you?” (n=8,816) was analysed for living arrangement with co-living 
as the reference.  Social isolation was indicated by the pervasive lack of social contact or 
communication (including visits, phone calls or letters) with any friend, or with an immediate 
family not living with a respondent.311  Two questions concerned social isolation: participants 
were asked how often in the past year they had been in contact with any friend (friend 
contact, n=8,442), and with immediate family not living with them (family contact, n=8,388).  
Both questions had seven response categories (daily, several time/week, about once/week, 
2-3 times/month, about once/month, less than once/month, never or hardly ever) which 
were combined into four categories for analyses (daily, weekly, monthly, never/rare) with 
daily contact as reference.  The full cohort and the analytic sample were similar in 
characteristics between responders to social exposure questions and between non-
responders (Appendix C, Table C–1).  Small differences were seen between responders and 
non-responders in the sample and were also observed in the full cohort, suggesting there 
were no unequal probabilities of selection and non-response rate. 
Dietary outcomes 
This study used the same continuous scores for fruit variety (0-11) and vegetable variety (0-
26) as in Chapter 3.  Again, outcome data from over-50s (n=9,933) was restricted to FFQ 
respondents for whom plausible total daily energy (kcal/d) could be derived and hence the 
available sample included over-50s who responded to social relationship questions, had 
covariates and follow-up dietary data (n=9,580). 
Socio-demographic variables 
Concurrent socio-demographic variables included: self-reported general health status 
(categorical) and smoking status (categorical); and, clinically measured BMI (continuous).  
Some variables were assessed at entry but are generally time-invariant: education 
(categorical), age (continuous), gender (dichotomous) and social class (categorical). 
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4.3.3 Data analysis 
Descriptive statistics summarised socio-demographic characteristics and crude mean variety 
scores in relation to social exposure variables.  Multivariable linear regression models 
assessed cross-sectional associations between each social relationship and the fruit or 
vegetable variety score.  The a priori strategy for main analyses was to examine (1) gender-
stratified associations, and (2) inter-relations among different social relationships.  The aim 
was to investigate whether overall associations of, for example, different categories of 
marital status differed when a second structural measure was considered (e.g. friend 
contact, living arrangement).  The following interaction terms were used: marital status by 
living arrangement and by friend contact; family contact by living arrangement and by friend 
contact; and living arrangement by friend contact.  Friend contact was dichotomised into 
‘frequent’ (daily, weekly, and several times a month) and ‘infrequent’ (about once a month, 
less than once a month and never/hardly ever) for interaction analyses; significance for 
analyses of inter-relations was set at p<0.10.  Gender differences were tested for statistical 
significance (p<0.05) using a sex interaction term.  All analyses adjusted for total daily energy 
intake (kcal/d), age, education and (as appropriate) gender.  As known confounders, each is 
associated with the exposure and independently with diet.132 281 331   
Sensitivity analyses additionally adjusted for quantity of fruit (for fruit variety) and vegetable 
(for vegetable variety) since higher variety is associated with increased quantity of these 
foods and with more energy intake.63  Separate models also controlled for social class to 
determine whether observed estimates changed.  To control for poor health as a potential 
confounder of daily family contact in women, pre-existing self-reported general health, high 
blood pressure, stroke and cancer, were added to gender-specific models of family contact.  
Gender-specific associations were also adjusted for other lifestyle and potential 
confounders.  Findings were based on regression coefficients and CI95. 
4.4 Results 
The sample’s average age was 62 years, with 55 percent female.  A majority (83%) reported 
being in excellent/good general health and 51% were ever smokers.  Over half were 
educated to degree/A-level, although more men (62%) than women (48%) had degree/A-
level education.  Those in the top-two social classes comprised 46 percent of the sample, 
and more women (4%) than men (2%) had unskilled occupations.  Both men and women 
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were generally overweight at follow-up, with mean BMI of 26.8 and 26.7 respectively.  
Women, however, reported consuming fewer total calories than men (1,850 versus 2,087 
kcal/d).  Variety scores were normally distributed and crude means for fruit variety and 
vegetable variety were higher in women than men (7.7 and 16.5 versus 6.7 and 15.9, 
respectively).  Few over-50s reported no average daily consumption of fruits (n=55) or 
vegetables (n=6) and therefore scored zero. 
Table 4–1 below shows the socio-demographic characteristics across categories of each 
social relationship measure.  There were higher proportions of women in non-partnered, 
lone-living, and daily contact categories.  A higher proportion of ever smokers were found at 
greater levels of social isolation (from friend and family).  Lower levels of friend contact had 
increasing proportions of lower educated participants, whereas decreasing family contact 
was associated with decreasing proportions of lower education. 
4.4.1 Gender-specific associations 
Men and women differed in associations between marital status and both dietary outcomes 
(Table 4–2).  The negative dietary associations with all non-partnered categories were 
stronger in men.  For example, compared to partnered men, widowed men had a -2.17 unit 
difference (p<0.001) in vegetable variety which was significantly different (p=0.005) from 
widowed women who had a -0.79 unit difference (p<0.001) in score compared to partnered 
women.  Single men and women differed significantly (p=0.018) in lower vegetable variety 
scores compared to partnered counterparts.  Negative associations between lone-living and 
variety scores were also stronger in men: lone-living men had a -1.46 unit difference 
(p<0.001) in vegetable variety score which was significantly different (p=0.001) from the unit 
difference of -0.66 (p<0.001) in score for lone-living women, compared to co-living 
counterparts. 
Women and men with decreasing friend contact had lower variety scores. Notably, 
associations with fruit variety appeared more smoothly graded in women and slightly more 
pronounced in men having rare/no contact.  The relationship between family contact and 
variety scores was less consistently patterned.  Lower frequencies of family contact were 
associated with lower fruit variety scores and rare/no contact was similarly negative for both 
genders.  By contrast, decreasing family contact seemed to have limited association with 
vegetable variety in men whereas weekly contact had a 0.56 unit difference (p=0.001) in 
score in women compared with daily family contact. 
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Table 4–1 Characteristics of older adults in the EPIC-Norfolk study across categories of structural social relationships 
 
Mean (SD) 
age 
Women Lower 
educationa 
Lower social 
classb 
Poor/moderate 
health 
Ever 
smoker 
Mean (SD) 
BMI 
Mean (SD) fruit 
variety score (0-11) 
Mean (SD) vegetable 
variety score (0-26) 
Marital Status (n=6,257) 
Partnered (n=5,040) 62 (7) 52% 44% 16% 15% 50% 26.7 (3.8) 7.3 (2.4) 16.4 (3.9) 
Single (n=270) 62 (7) 62% 41% 14% 19% 45% 26.7 (4.8) 6.9 (2.6) 14.3 (4.6) 
Widowed (n=597) 67 (7) 84% 55% 19% 22% 50% 26.8 (4.4) 7.4 (2.4) 15.1 (4.3) 
Divorced/separated (n=350) 60 (7) 73% 38% 18% 21% 52% 26.6 (4.5) 7.4 (2.6) 16.4 (4.1) 
Living arrangement (n=8,816) 
Shared (n=7,243) 61 (7) 52% 45% 15% 16% 52% 26.7 (3.8) 7.3 (2.4) 16.4 (3.9) 
Alone (n=1,573) 65 (7) 71% 47% 16% 19% 50% 26.8 (4.3) 7.2 (2.5) 15.4 (4.3) 
Friend contact (n=8,442)          
Daily (n=431) 63 (7) 68% 39% 14% 16% 49% 27.6 (4.2) 7.8 (2.4) 16.7 (4.1) 
Weekly (n=5,277) 62 (7) 58% 44% 14% 15% 49% 26.7 (3.9) 7.4 (2.4) 16.5 (3.9) 
Monthly (n=2,005) 62 (7) 53% 46% 17% 18% 52% 26.7 (3.9) 7.2 (2.4) 16.2 (3.9) 
Rare/never (n=729) 62 (7) 41% 48% 19% 19% 58% 26.8 (3.9) 6.5 (2.6) 15.2 (4.3) 
Family contact (n=8,388)          
Daily (n=875) 61 (7) 65% 55% 17% 19% 48% 27.3 (4.0) 7.5 (2.3) 16.1 (4.0) 
Weekly (n=5,849) 62 (7) 57% 44% 15% 15% 50% 26.7 (3.9) 7.4 (2.4) 16.5 (4.0) 
Monthly (n=1,148) 63 (7) 47% 42% 16% 17% 55% 26.7 (3.8) 7.0 (2.5) 16.0 (4.1) 
Rare/never (n=516) 63 (7) 40% 43% 16% 21% 56% 26.9 (3.6) 6.7 (2.5) 15.6 (4.1) 
Measurement time-points were: gender, age, education, class (1993-1997); marital status, living arrangement, friend contact and family contact (1996-2000); diet, health and 
smoking status (1998-2002). aNo qualification or O-level; bPartly skilled (class IV) or unskilled (class V) occupations. 
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Table 4–2 Associations between structural social relationships and variety of fruits or 
vegetables by gender 
  Fruit variety (items/m)  Vegetable variety (items/m) 
Women Men  Women Men 
Marital Status      
Partnered ̶ ̶  ̶ ̶ 
Single -0.44 (-0.78, -0.09) -0.80 (-1.29, -0.32)  -1.85 (-2.44, -1.25)a -3.01 (-3.77, -2.25)a 
Widowed -0.05 (-0.27, 0.17) -0.49 (-0.99, 0.02)  -0.79 (-1.18, -0.41)b -2.17 (-2.96, -1.37)b 
Divorced/ 
Separated 
0.02 (-0.27, 0.30) -0.44 (-0.94, 0.06)  -0.21 (-0.70, 0.28) -0.65 (-1.44, 0.13) 
Living arrangement      
Shared ̶ ̶  ̶ ̶ 
Alone -0.18 (-0.33, -0.03) -0.34 (-0.58, -0.09)  -0.66 (-0.92, -0.39)c -1.46 (-1.84, -1.08)c 
Social isolation – friend contact 
Daily ̶ ̶  ̶ ̶ 
Weekly -0.12 (-0.38, 0.14) -0.32 (-0.75, 0.10)  -0.11 (-0.56, 0.35) -0.02 (-0.68, 0.65) 
Monthly -0.35 (-0.64, -0.07) -0.37 (-0.81, 0.07)  -0.33 (-0.82, 0.16) -0.26 (-0.95, 0.43) 
Rare/ never -0.76 (-1.11, -0.41) -1.00 (-1.47, -0.52)  -1.12 (-1.73, -0.50) -1.23 (-1.98, -0.49) 
Social isolation – family contact 
Daily ̶ ̶  ̶ ̶ 
Weekly 0.01 (-0.18, 0.21) -0.27 (-0.56, 0.03)  0.56 (0.23, 0.90) 0.01 (-0.45, 0.47) 
Monthly -0.17 (-0.43, 0.09) -0.48 (-0.82, -0.14)  0.05 (-0.40, 0.50) -0.22 (-0.76, 0.31) 
Rare/ never -0.58 (-0.93, -0.23) -0.53 (-0.92, -0.13)  -0.60 (-1.21, 0.01) -0.30 (-0.92, 0.31) 
Gender differences in variety score are illustrated as beta-coefficients (CI95) adjusted for total energy 
intake, age and education.  Numbers analysed for marital status (Women: n=3,523; Men: n=2,729), living 
arrangement (Women: n=4,892; Men: n=3,918), contact with any friend (Women: n=4,729; Men: 
n=3,708), and contact with immediate family not living with participant (Women: n=4,661; Men: 
n=3,721).  Significant gender difference: asingle: p=0.018; bwidowed: p=0.005; calone: p=0.001) 
The pattern of associations was similar after considering fruit quantity (for fruit variety) or 
vegetable quantity (for vegetable variety) in gender-specific covariate-adjusted models 
(Appendix C, Table C–2).  Sensitivity analyses that included additional adjustment for social 
class resulted in no material difference in observed associations (Appendix C, Table C–3).  
Given the unexpected direction of family contact and variety associations, models were 
further adjusted for prior chronic physical conditions to determine whether daily family 
contact was due to women’s poor health.  Consistent with other studies,332 additional 
correction minimally attenuated observed estimates and did not substantially alter gender-
specific results (Appendix C, Table C–4).  Other lifestyle factors and potential confounders 
also did not change reported results for women and men (Appendix C, Table C–5). 
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4.4.2 Marital status and healthful eating, by living arrangement or friend 
contact 
Figure 4–1 illustrates how associations between marital status and variety differ by living 
arrangement or friend contact (values in Appendix C, Table C–6).  Lone-living single and 
widowed over-50s had, respectively, a -0.83 (p=0.001) and -0.38 (p<0.05) unit difference in 
fruit variety scores, which were slightly lower than unit differences for those in shared 
accommodation (single: −0.63, p<0.05; widowed: -0.08, p>0.05), compared to partnered 
counterparts (Panel A in Figure 4–1).  Differences in living arrangement, however, were non-
significant.  For vegetable variety, we found widowed over-50s living alone had a -1.28 unit 
difference (p<0.001) compared to partnered counterparts whereas the association for co-
living over-50s was limited (Beta= −0.40, p>0.05); again living arrangement differences were 
non-significant.  For divorced/separated over-50s, differences in variety scores between co- 
and lone-living were reversed (Figure 4–1, A): those living alone had a -0.28 unit difference 
(p>0.05) in vegetable variety versus a -0.66 unit difference (p>0.05) for those co-living 
(compared to partnered counterparts). 
Panel B in Figure 4–1 shows the generally negative association between non-partnered 
categories and fruit or vegetable variety was larger when friend contact was infrequent.  
Widowed over-50s with infrequent friend contact showed a significantly (p=0.034) lower 
unit difference of -0.71 (p<0.05) in fruit variety scores than the -0.05 unit difference (p>0.05) 
for those with frequent contact (compared to partnered counterparts).  Similarly, unit 
differences in vegetable variety scores were significantly lower (p=0.026) for widowed over-
50s with infrequent friend contact than for those with frequent contact (−2.02 versus -0.87; 
both p<0.001) compared to partnered counterparts—a difference of 1.15 items over at least 
a month.  Non-significant differences in friend contact were also observed in variety scores 
of single over-50s (Figure 4–1, B). 
The pattern of association was similar after considering quantity of intake (Appendix C, Table 
C–7), or social class (Appendix C, Table C–8) in covariate-adjusted models. 
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A 
 
Figure 4-1 Association between marital status and variety of fruits or vegetables by living arrangement (A) and by friend contact (B) 
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B 
 
Figure 4–1 Association between marital status and variety of fruits or vegetables by living arrangement (A) and by friend contact (B) 
*significant interaction between friend contact and widowed status (fruit variety, p=0.034; vegetable variety, p=0.026) 
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4.4.3 Family contact and healthful eating, by living arrangement or friend 
contact 
Family contact and variety scores showed differences by living arrangement and friend 
contact (Figure 4–2; values in Appendix C, Table C–9).  In Figure 4–2 below, Panel A shows 
fruit variety decreased as family contact decreased when over-50s lived alone.  Compared 
with daily family contact, lone-dwellers with rare/no family contact had a -0.62 unit 
difference (p<0.05) in score and those in shared accommodation had a -0.48 unit difference 
(p=0.001).  Decreasing family contact had limited association with vegetable variety for co- 
and lone-living over-50s, apart from weekly contact (versus daily) appearing protective in co-
living over-50s.  Differences by friend contact frequency were observed only for associations 
of family contact with vegetable variety (Figure 4–2, B).  Weekly and monthly family contact 
among over-50s with frequent friend contact showed, respectively, a 0.46 (p<0.05) and 0.14 
unit difference in vegetable variety but rare/no contact did not (reference daily contact).  By 
contrast, decreasing family contact was associated with lower scores among over-50s with 
infrequent friend contact such that rare/no contact showed a -1.01 unit difference (p<0.05) 
compared to daily contact.  Differences in frequency of friend contact were significant for 
vegetable variety (p=0.056) for those reporting rare/ no family contact. 
Results were largely unaltered by quantity of intake, or social class (see Appendix C, Table C–
10 and Table C–11).  
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Figure 4-2 Association between family contact and variety of fruits or vegetables by living arrangement (A) and by friend contact (B 
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Figure 4–2 Association between family contact and variety of fruits or vegetables by living arrangement (A) and by friend contact (B) 
*significant interaction between friend contact and rare/never family contact (p=0.056) 
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4.4.4 Living arrangement and healthful eating, by friend contact 
A significant negative association of lone-living with both scores appeared amplified when 
friend contact was infrequent (Figure 4–3; values in Appendix C, Table C–12).  Compared 
with co-living, lone-dwellers with infrequent friend contact had a -0.48 unit difference 
(p<0.05) in fruit variety which was not significantly different from the -0.20 unit difference 
(p<0.05) for lone-dwellers with frequent friend contact.  The association of lone-living with 
vegetable variety revealed significant differences (p=0.007) between infrequent and 
frequent friend contact (−1.62 versus -0.80; both p<0.001), representing 0.82 different 
vegetable items consumed over at least a month. 
  
Figure 4–3 Association between living arrangement and variety of fruits or vegetables by 
friend contact 
*significant interaction between friend contact and lone-living (p=0.007) 
Sensitivity analyses again resulted in no material difference in reported associations 
(Appendix C, Table C–13 Table C–14). 
4.5 Discussion 
4.5.1 Synopsis of results 
The association of social relationships with diet quality is well characterised in the literature 
but less is known about combined influences of structured social experiences.  These 
findings demonstrated that men fared worse than women in the negative associations of 
non-partnered, lone-living and rare/no friend contact with variety of fruits or vegetables.  
Associations between family contact and variety by gender were less clear.  The observation 
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that over-50s who are widowed, lone-living or had rare/no family contact reported 
consuming, respectively, 1.15, 0.82 and 1.00 fewer different vegetable products (over at 
least a month) when friend contact was infrequent versus frequent is clinically meaningful.  
It was shown previously in this cohort that consuming three additional vegetable items per 
week lowered diabetes risk by 13%, independent of quantity and other potential 
confounders, and that the inverse association with diabetes was linear within the normal 
range of variety of intake (5.5-11.4 items/week).61  Across 10 EPIC study countries, increasing 
variety in vegetable and/or fruit consumption over two weeks on average, reduced the risk 
of certain cancers.62 63  Many national and international bodies recommend eating a variety 
of FV without specifying targets for adequate/optimal variety.35 36  Nevertheless, this cohort 
compares with mean vegetable variety in US community-dwelling elderly (11 items/week).333  
These results have public health implications for supporting healthy ageing since over-50s 
are more likely to experience transitions in the structure of their social relationships, moving 
from multiple to more limited or no ties. 
4.5.2 Methodological considerations 
Exposures and outcomes were self-reported and like all such variables may be subject to 
recall or social desirability bias.  For example, older ages or lack of food preparation 
involvement may reduce recall of the full range of items consumed.  Social desirability 
favouring variety may be associated with more social ties and falsely increased outcomes.  
Lower education and social class of widows, or stress from recent bereavement, may affect 
reported variety.  Errors in diet recall ability have previously been shown to be greater in 
relation to education and income but not age.334  Adjustment for education and social class 
in sensitivity analyses will mitigate any effects of bias in outcome ascertainment on observed 
estimates.  Poor diet recall may be less than expected as the FFQ may perform better in 
measuring the set food repertoires and meal structure of the British diet which was 
unchanged in the study time-frame,335 and which people develop as habits by constructing 
food choice strategies and rules-of-thumb.107 108 201 202 
It is important to investigate self-reported relationships which measure perceived food-
related resources since perceptions might impact variety more than actual resources.128  
Future work could examine measures not included here such as other types of relationship 
structures (e.g. social networks, social integration), functional components, 
quality/satisfaction of a relationship, or quantity (e.g. number of friends).  Moreover, social 
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relationship measures were assessed as a state but different relationship transitions can 
change dietary behaviour in opposite directions.  For example, becoming divorced or 
widowed may decrease vegetable intake, compared to remaining married; while men and 
women who remarry may increase vegetable consumption compared to unmarried 
counterparts.336 337  Thus there may have been misclassification of exposures stemming from 
changes to participants’ relationship category/level in the interval between the 
questionnaire assessment of social relationships and subsequent diet.  Such misclassification 
would be non-differential since it was unlikely to have been related to the outcomes 
examined and hence would bias results towards the null. 
The study’s findings are subject to residual confounding from income which was not 
collected in the cohort and might potentially result in observed associations being larger 
than true associations.  Although low income can be a barrier to consuming fruits and 
vegetables, income is not consistently associated with elderly consumption and has not been 
found to explain associations between living arrangement and diet.124 127 338  By contrast, 
education is consistently associated with elderly diet quality and shows stronger gradients 
than income.281  Furthermore, as the sample differed from the full cohort only in greater 
prevalence of higher education and social class, findings cannot be generalised to lower SES 
populations.  More work is also needed on non-white or younger groups and might examine 
other dietary components or patterns. 
This study has several strengths: a large sample size, gender analyses, effect modification, 
multiple known confounders, and four separate measures of three relationship types.  The 
particular strength of this work was in considering interactions of social relationships in 
relation to diet.  In doing so, research begins to capture the complex reality of an individual’s 
heterogeneous life circumstances wherein multiple roles and shared norms interact and 
mutually reinforce to produce unique social environments.14  Future research must continue 
to examine how structural aspects of social relationships connect with each other to 
produce a combined effect across different configurations of an older person’s lived 
experience to influence healthful dietary behaviours, as called for by public health and policy 
researchers.13  A further strength was the use of variety scores with unique attributes: they 
are a good marker of diet quality;44 46 64 have shown utility for chronic disease aetiology;61-63 
and variety of fruits and vegetables is long recommended as critical to healthful eating.40 41  
Finally, apart from fewer smokers and minimal ethnic minorities, this cohort has similar 
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characteristics to the general UK population.212  Thus, findings from this sample could be 
generalised to other white European-origin higher socioeconomic status over-50s. 
4.5.3 Relationship to previous work 
Gender-specific findings and potential mechanisms in the context of previous studies 
Overall, the results support gender differences in the roles of marital status, living 
arrangement and social isolation, in healthful dietary behaviours.  Results confirm the 
hypotheses that marital status and living arrangement influences on fruit or vegetable 
variety were greater for men.  Findings were mixed for the relationship between social 
isolation and variety.  Consistent with previous research,313 women had more frequent social 
contact than men in the sample.  Although the associations of friend and family contact 
were stronger in men for fruit variety, we did find clearer patterning in women.  Thus, 
findings did not concur with pre-specified hypotheses and may be explained by the fact that 
social isolation, defined by limited structures, affects men more whereas women may be 
more influenced by functional aspects, including emotional support.287  Results for family 
contact and vegetable variety were most surprising: weekly contact (versus daily) was 
significantly positively associated in women, but men showed limited associations. 
Previous research supports the finding that isolation from friends or family, lone-living and 
no intimate partnership are each associated with diets limited in variety and/or low in 
nutritional quality.120 128 339  Other US and UK studies indicate that older men living or eating 
alone are at greater risk of poor diets,280 340 with living arrangement influencing FV 
consumption to significant levels in older British men but not women.132  One reason living 
or eating alone might reduce fruit, or vegetable, variety is there are no economies of scale in 
food procurement and preparation.  A qualitative study of recently bereaved older women 
in Sweden found they perceived the financial constraints associated with lone-living to affect 
their management of food shopping and cooking.341  Since older single women are typically 
more disadvantaged financially than men,297 stronger negative associations for women were 
expected but this was not observed. 
Study results might be explained instead by lack of motivation to prepare a meal when 
living/eating alone since the psycho-social mechanism of social engagement is absent.306  A 
substantial body of research indicates older people derive social meaning from cooking for 
others and from sharing a meal, as eating is both a food event and a social practice.97 116  
Lack of motivation to cook due to the effort involved would more likely affect the 
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consumption of vegetables which generally require more preparation than fruits.  This is 
consistent with the finding of a greater negative association with the variety score for 
vegetables than for fruits among single and widowed versus partnered over-50s. 
Poor motivation might further explain the greater negative associations seen in men.  Men 
may be less motivated to prepare a meal when living alone because they are less equipped 
than women regarding cooking skills and being self-reliant while in a partnership.116 342  A 
study comparing single and married elderly men and women found that single elderly 
women (87% widows) made food decisions independent of others and had better quality 
diets than the other groups.157  Lack of motivation to eat a variety of vegetables or fruits is 
also more likely among men who commonly perceive cooking as burdensome particularly 
when widowhood demands they adopt new food-related tasks and consequent social roles, 
rather than as freedom which women can experience in widowhood.343   Finally, personal 
motivation has been reported as the main influence on men aiming to improve dietary 
behaviours, rather than socio-ecological resources.324 325 
Combined influence of social relationships 
Combinations of different social relationships were notable in differentially influencing on 
healthful dietary behaviours of over-50s.  Results showed synergy of action between marital 
status and living arrangement, and between marital status and friend contact, thus 
confirming hypotheses that negative associations of being single or widowed with variety 
may be mitigated by shared accommodation or frequent social contact.  They clearly 
indicated that friend contact played a significant role in the extent to which being widowed 
showed reduced variety, suggesting that widowed persons at risk of consuming fewer 
different fruit or vegetable products are those with infrequent contact.  Equally, infrequent 
friend contact amplified the extent of reduced variety among older lone-dwellers.  In 
addition, over-50s having rare/no family contact ate fewer different vegetables when friend 
contact was infrequent but not when contact was frequent. 
These findings suggested further that co-living might mitigate the potentially negative 
association of being widowed with variety, particularly of vegetables.  Others have also 
reported that living alone, versus co-living, limited FV variety (and number of meals) eaten 
by single older adults compared to married counterparts.132 344  One interpretation for these 
interaction results might be the buffering role that occurs from companionship availability 
separate from social engagement provided through intimate partnership.  Physiological 
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studies of elderly suggest the existence of a confidant relationship can mitigate the general 
response to stressful stimuli328 and also stress-related loss of appetite.345 
The role of living arrangement in healthful dietary behaviours was also modified by friend 
contact, supporting the hypothesis that frequent friend contact would lessen the negative 
association of lone-living with variety.  The combination of lone-living and infrequent friend 
contact was notably worse than the combination of lone-living and frequent friend contact 
for reducing intake of different fruit and especially vegetable products.  This study concurs 
with previous work indicating lower variety of healthful foods may be caused not solely by 
living alone but by loneliness, since frequent friend contact provides the opportunity for 
social interaction at mealtimes which is known to improve the diets of lone-living elderly.116 
It is also possible that friend contact modified associations through functional support.  
Stronger effects of functional components have been found over structural measures in 
predicting mental health,312 or diet quality.346  Yet, others have not found support functions 
explained the independent associations between social isolation and higher mortality risk.347  
It is argued that participation in social relationships itself results in health behaviours 
because of the opportunities for sociability, meaningful roles and shared norms which do not 
result from social support per se.306  Since structural and functional components might 
activate similar psychological mechanisms,329 future research should examine mediation of 
functional components in associations between relationship structures and diet quality, 
using behaviour-specific measures of perceived social support as they are more predictive 
than generic indicators.348 
4.6 Conclusion 
This study confirms the gender-specific associations of social relationships with variety of 
intake of fruits and/or vegetables in a UK population, and contributes new evidence on the 
combined influence of structural components of relationships.  Variety scores of men were 
more influenced than those of women by marital status, living arrangement or friend 
contact.  Thus, structural interventions aimed at increasing availability of social relationships 
by reducing social isolation or supporting recent widows are likely important for promoting 
healthful dietary behaviours, particularly among men.  Results also highlight the importance 
of considering living arrangement and friend contact when assessing whether widowed or 
single over-50s are at risk of eating fewer different fruits or vegetables.  The influence of 
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frequent friend contact in combination with either lone-living or rare/no family contact 
should also be considered for supporting healthful eating among older people.  Future 
research needs to analyse potential mediation of functional components in the association 
between structured social experiences and diet quality.  Further examination of men’s and 
women’s physiological responses to the type and quality of social relationships will also be 
useful to inform psycho-biological mechanisms of social life influences on healthful dietary 
behaviours. 
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CHAPTER 5 Combined economic and social conditions, 
and diet quality in older adults 
This work is submitted as “Conklin AI, Forouhi NG, Surtees P, Wareham NJ, Monsivais P. 
Gender, diet quality and the double burden of economic and social disadvantages on diet 
quality in older adults” (Journal of Epidemiology and Community Health, submitted) 
5.1 Abstract 
Background: Multiple economic and social factors determine diet quality, but the influence 
of inter-relations between determinants is unknown. This cross-sectional study examined 
diverse combinations of economic and/or social disadvantages on healthful eating in British 
older women and men. 
Methods: Data came from 9,580 over-50s in the population-based EPIC-Norfolk cohort who 
responded to a postal Health and Life Experiences Questionnaire (1996-2000) and Food 
Frequency Questionnaire (1998-2002).  Multivariable linear regression examined gender-
specific associations of six economic factors and three social relationships, independently 
and in combination, in relation to fruit variety and vegetable variety as proxies for diet 
quality. 
Results: Lower education, social class and renting were associated with lower variety in both 
genders, independent of social relationships. Independent associations of three financial 
hardships were consistently seen with fruit variety in women.  All social relationships were 
independently associated with both variety outcomes in men and vegetable variety in 
women.  Much lower variety was found for all combinations of both economic and social 
disadvantages than for either disadvantage alone, with men faring worse in the majority of 
dual disadvantages.  The greatest unit differences were observed for vegetable variety in 
non-married men of low social class (β -4.1, [-4.8, -3.4]), and in non-married women with 
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insufficient money for food/clothing (β -2.8, [-3.8, -1.8]).  Lower variety was also seen in 
economically advantaged men without social relationships. 
Conclusion: The double burden of economic and social disadvantage suggests they are 
potentially joint determinants, particularly in older men, and that simultaneous 
improvements in older adults’ economic and social conditions are needed to improve diet 
quality. 
5.2 Introduction 
It is known that older age correlates with both poorer economic and social conditions that 
are associated with poorer diets.116 128  In particular, variety of FV is lower in non-married, 
lone-living and socially isolated older adults, particularly men (see Chapter 4).286  Variety is 
also lower among older adults reporting multiple economic disadvantages, including 
everyday financial troubles (see Chapter 3).  Yet, individuals vary considerably in the 
economic and social categories they occupy and no studies of older adults have investigated 
how multiple economic circumstances might interact with different social structures to 
influence healthful eating.124  Moreover, the independent effects of single factors (e.g. social 
class or marital status) do not fully describe the influence of interrelated and intersecting 
categories.14-16 18  Rather, Intersectionality Theory suggests that social relationships 
constitute an asset that generates economic resources and vice versa and thus absence of 
both creates a ‘double’, or composite, burden of intersecting disadvantages that would 
uniquely impact on diet quality.  In the buffering model,349 resources in one context, e.g. 
social capital (as a by-product of social relationships), are postulated to protect against the 
adverse impact of stressors in another context, e.g. material deprivation.  A small US study 
of older adults supports this notion as those with greater financial stress experienced poorer 
appetite, with negative effects on dietary intake that were buffered by companionship.345  
Others have shown more generally that the availability of a confidant relationship can 
mitigate an older person’s response to stressful stimuli.328 
Furthermore, women and men differ in exposure to adverse economic or social conditions, 
and vulnerability to poor outcomes.350  Older women are typically more disadvantaged 
economically and report greater material deprivation than men,206 297 which in turn may 
constrain older women’s food procurement and preparation.341  Older men living or eating 
alone are more at risk of poor diets than women and this risk is compounded by material 
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deprivation.280 340   Older single and married men are also more dependent on others for 
food-related decision-making than are older women.157  Thus, either gender may be 
especially vulnerable to poor diet quality from being doubly disadvantaged.  Alternatively, 
men may be more vulnerable to unhealthful eating from specific combinations of economic 
and social adversities while other combinations may affect women’s diets more.  As shown 
in Chapter 3 and Chapter 4, women and men differ in which types of economic conditions, or 
social relationships, were more strongly associated with some aspects of FV variety.  How 
the interplay of diverse economic and social conditions influences healthful eating 
behaviours therefore deserves further exploration in older women and men. 
The following study assessed the inter-relations of multiple economic and social conditions 
on variety of fruits or vegetables, as proxies of healthful eating, in British older adults.  It was 
hypothesized that lack of social relationships would amplify associations between economic 
disadvantage and low variety.  The effects of inter-relations on diet were also hypothesised 
to differ by gender: the combination of lower social class or education, and lone-living or 
non-married, will show the strongest associations in men; and, combinations of material 
deprivation and infrequent friend contact will show the strongest associations in women. 
5.3 Methods 
5.3.1 Study population 
This cross-sectional study used data from EPIC-Norfolk participants who entered the cohort 
at age 50 or more, similar to Chapter 3 and Chapter 4. 
5.3.2 Measures 
Economic exposures 
Economic conditions were analysed using three conventional SES measures and three FH 
indicators as examined in Chapter 3 and detailed in 1.5.2.  Unlike earlier chapters, this study 
used dichotomised variables to enable the ease of generating new variables for analyses of 
the inter-relation of economic and social exposures.  High social class was dichotomised 
using the top three social class categories comprising non-manual occupations (versus 
manual occupations).  High education was defined by degree and A-level responses (versus 
O-level or no qualification).  Home-owners were distinguished from renters of public and 
private accommodation types.  Having more than enough money for needs was compared to 
‘just enough’ and ‘less than enough’ responses.  Sufficient money to afford clothing/food 
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included ‘never’ and ‘seldom’ response categories (versus ‘sometimes’, ‘often’ and ‘always’).  
Finally, ability to meet the payment of bills comprised responses ‘none’, ‘slight’, and ‘a little’ 
(versus ‘some’, ‘great’ and ‘very great’).  Characteristics of dichotomised economic variables 
are given in Appendix D (see Table D–1). 
Social relationship exposures 
This study used binary variables for three questions pertaining to structural aspects of social 
relationships as examined in the interaction analyses of Chapter 4: namely, married (yes/no); 
co-living (yes/no); and frequent friend contact (yes/no) (see 4.3.3). 
Dietary outcomes 
Scores for fruit variety and vegetable variety were dietary outcomes examined as proxies for 
diet quality, as previously described (1.5.2) and studied (Chapter 3 and Chapter 4). 
Sample characteristic variables 
Again, age, concurrent self-rated general health status (categorical), smoking status 
(categorical), regular car use (binary), and BMI (continuous) were used to characterise the 
sample. 
5.3.3 Data analysis 
Descriptive statistics (mean (SD) or prevalence) characterised our sample across categories 
of economic-marital status combinations.  Three sets of multivariable linear regression 
analyses examined gender-specific associations of economic, social and combined exposures 
with dietary outcomes.  First, each economic or social variable was entered separately into 
models adjusting for age and total energy intake which included an interaction term 
between sex and exposure variables.  Second, analyses of economic exposures were 
additionally adjusted for social exposures, and vice versa.  Third, analyses explored how 
economic conditions varied in associations with variety when a social relationship was 
considered.  Thus, combination variables were constructed by defining, for example, high 
education and married/high education and non-married/low education and married/low 
education and non-married; the reference category was strong economic and social 
conditions (e.g. high education and married).  The sample analysed included over-50s who 
responded to economic and social questions, had covariates and follow-up dietary data 
(range: 5,810—6,252).  Results are presented as regression coefficients and CI95. 
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5.4 Results 
The general characteristics of the over-50 sample in the EPIC-Norfolk cohort were presented 
in results sections 3.4 and 4.4 above.  Among the four categories of combined variables, 
between 175 and 959 over-50s reported dual disadvantages, such as low education and non-
married status; although, most older adults in EPIC-Norfolk were in the reference group of 
economic advantage and married (Appendix D, Table D–2).  Characteristics of the over-50s 
differed across the four categories, except for mean BMI.  For example, proportions of 
women were greatest in the non-married categories with or without economic 
disadvantage.  Furthermore, in the category of economic disadvantage and non-married, up 
to 40% of older adults had poor/moderate self-rated health and up to 58% were ever 
smokers compared to 14% and 50% in the reference groups, respectively. 
5.4.1 Independent associations between economic influences, or social 
relationships, and healthful eating 
Overall and independent associations of each exposure variable with variety scores are 
presented in Appendix D (Table D–3 and Table D–4).  Table D–3 shows all three conventional 
SES measures were associated with both dietary outcomes in both genders, independent of 
social relationships.  Low education was more negatively associated with variety in women, 
while low social class was more negatively associated with variety in men.  Only one financial 
hardship variable was independently associated with both dietary outcomes in women and 
men; although all three financial hardships were independently associated with fruit variety 
in women.  Each social relationship was also independently associated with variety in men 
but only with vegetable variety in women (Table D–4).  Only friend contact was 
independently associated with fruit variety in women.  Magnitudes of independent 
association were somewhat higher in men and lower in women than those observed for the 
economic variables. 
5.4.2 Effect of inter-relations between economic and social conditions on 
diet quality 
Marital status combined with each economic variable to alter independent associations with 
diet quality (Figure 5–1 and Table 5–1).  Figure 5–1 illustrates how results for social class 
(upper panels, A) or affording food/clothing (lower panels, B) in combination with 
married/non-married show heterogeneity in dietary outcomes across categories.  Overall, 
compared to reference groups, fruit variety was much lower in women and men reporting 
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both economic disadvantage and non-married status than in those reporting only economic 
disadvantage.  Lower fruit variety was also observed in non-married men with strong 
economic conditions.  Results were similar for vegetable variety which was lowest in those 
reporting both economic disadvantage and non-married status than in over-50s reporting 
either economic or social disadvantage.  For two financial hardship variables, non-married 
men with strong economic conditions showed the greatest unit difference in vegetable 
variety of the three categories compared to reference.  Notably, variety appeared 
disproportionately lower for men reporting both low education and non-married statuses.  
In addition, the magnitudes of associations for all dual disadvantage categories (Figure 5–1 
and Table 5–1), were generally larger than those observed for the independent associations 
of single economic factors which simply adjusted for marital status (Appendix D, Table D–3). 
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Figure 5-1 Association between social class (A), or sufficient money to afford food/clothing (B), and variety of fruits or vegetables by marital status 
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Figure 5–1 Association between social class (A), or sufficient money to afford food/clothing (B), and variety of fruits or vegetables by marital status 
Numbers analysed were: social class (n=6,151), and sufficient money for food/clothing (n=5,836). 
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Table 5–1 Association of inter-relations between economic conditions and marital status 
with variety of fruits or vegetables in older women and men in the EPIC-Norfolk 
study 
 Fruit variety 
 Women  Men 
 Married  Married 
 Yes No  Yes No 
High education (n=6,252)    
Yes reference 0.03 (-0.21, 0.28)  reference -0.37 (-0.74, -0.01) 
No -0.54 (-0.72, -0.37) -0.80 (-1.06, -0.55)  -0.38 (-0.57, -0.19) -1.30 (-1.72, -0.87) 
Home-owner (n=5,810)    
Yes reference -0.00 (-0.20, 0.19)  reference -0.40 (-0.73, -0.08) 
No -0.58 (-0.92, -0.18) -0.75 (-1.15, -0.35)  -0.82 (-1.24, -0.40) -1.07 (-1.69, -0.44) 
More than enough money for needs (n=5,830)    
Yes reference 0.11 (-0.34, 0.57)  reference -1.14 (-1.79, -0.48) 
No -0.28 (-0.50, -0.05) -0.37 (-0.63, -0.10)  -0.50 (-0.73, -0.26) -0.85 (-1.22, -0.49) 
Able to meet payment of bills (n=5,839)    
Yes reference 0.02 (-0.18, 0.21)  reference -0.51 (-0.82, -0.20) 
No -0.46 (-0.85, -0.08) -0.67 (-1.06, -0.27)  -0.16 (-0.53, 0.21) -0.66 (-1.44, 0.11) 
 Vegetable variety 
 Women  Men 
 Married  Married 
 Yes No  Yes No 
High education (n=6,252)    
Yes reference -0.70 (-1.11, -0.29)  reference -1.34 (-1.95, -0.72) 
No -1.50 (-1.80, -1.20) -2.48 (-2.90, -2.06)  -0.94 (-1.26, -0.62) -3.89 (-4.60, -3.18) 
Home-owner (n=5,810)    
Yes reference -0.57j (-0.90, -0.24)  reference -1.86 (-2.41, -1.32) 
No -1.68 (-2.34, -1.02) -2.07 (-2.74, -1.40)  -1.60 (-2.31, -0.90) -2.74 (-3.80, -1.69) 
More than enough money for needs (n=5,830)    
Yes reference -1.21 (-1.97, -0.45)  reference -3.40 (-4.51, -2.30) 
No -0.71 (-1.09, -0.33) -1.34 (-1.78, -0.90)  -1.17 (-1.57, -0.78) -2.77 (-3.39, -2.15) 
Able to meet payment of bills (n=5,839)    
Yes reference -0.65 (-0.98, -0.32)  reference -2.08 (-2.60, -1.56) 
No -0.25 (-0.89, 0.40) -1.32 (-1.99, -0.66)  -0.75 (-1.38, -0.12) -1.56 (-2.87, -0.26) 
Gender-specific beta coefficients (CI95) obtained by linear regression models adjusting for age and energy 
intake. 
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The pattern of results was similar when economic factors were combined with living 
arrangement, with much lower variety observed among over-50s reporting both economic 
disadvantage and lone-living than economic disadvantage alone (Figure 5–2 and Table 5–2).  
Disproportionately lower scores for fruit variety were seen in women reporting low 
education and lone-living, and for vegetable variety in men in the same category.  Again, 
only men who were lone-living in strong economic conditions showed lower fruit variety. 
Finally, results revealed heterogeneous associations of diverse economic conditions with 
variety when combined with friend contact (Figure 5–3 and Table 5–3).  Notably, this was 
the only social relationship consistently associated with lower fruit variety when absent in 
women with strong economic conditions.  Thus, women and men reporting disadvantage in 
either economic or social condition had lower variety of fruits or vegetables compared to 
reference groups.  Again, much lower variety was seen among individuals in dual 
disadvantage categories, with a few combinations showing disproportionately lower variety. 
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Figure 5-2 Association between social class (A), or sufficient money to afford food/clothing (B), and variety of fruits or vegetables by living 
arrangement 
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Figure 5–2 Association between social class (A), or sufficient money to afford food/clothing (B), and variety of fruits or vegetables by living 
arrangement 
Numbers analysed were: social class (n=8,663), and sufficient money for food/clothing (n=8,715). 
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Table 5–2 Association of inter-relations between economic conditions and living 
arrangement with variety of fruits or vegetables in older women and men in the 
EPIC-Norfolk study 
 Fruit variety 
 Women  Men 
 Co-living  Co-living 
 Yes No  Yes No 
High education (n=8,810)    
Yes reference -0.04 (-0.26, 0.18)  reference -0.26 (-0.56, 0.03) 
No -0.54 (-0.69, -0.39) -0.90 (-1.13, -0.67)  -0.50 (-0.66, -0.34) -0.92 (-1.26, -0.58) 
Home-owner (n=8,681)    
Yes reference -0.10 (-0.27, 0.08)  reference -0.28 (-0.54, -0.03) 
No -0.66 (-0.96, -0.35) -0.83 (-1.19, -0.47)  -0.85 (-1.20, -0.50) -0.85 (-1.36, -0.35) 
More than enough money for needs (n=8,709)    
Yes reference -0.10 (-0.49, 0.30)  reference -0.55 (-1.07, -0.03) 
No -0.31 (-0.50, -0.12) -0.47 (-0.70, -0.24)  -0.49 (-0.68, -0.29) -0.80 (-1.10, -0.50) 
Able to meet payment of bills (n=8,724)    
Yes reference -0.13 (-0.30, -0.04)  reference -0.35 (-0.60, -0.11) 
No -0.58 (-0.86, -0.29) -0.54 (-0.93, -0.15)  -0.41 (-0.71, -0.10) -0.65 (-1.33, 0.02) 
 Vegetable variety 
 Women  Men 
 Co-living  Co-living 
 Yes No  Yes No 
High education (n=8,810)    
Yes reference -0.52 (-0.89, -0.15)  reference -0.94 (-1.43, -0.44) 
No -1.40 (-1.65, -1.16) -2.20 (-2.57, -1.83)  -0.99 (-1.25, -0.72) -3.17 (-3.73, -2.60) 
Home-owner (n=8,681)    
Yes reference -0.57 (-0.85, -0.28)  reference -1.48 (-1.90, -1.06) 
No -1.81 (-2.32, -1.30) -1.35 (-1.95, -0.75)  -1.77 (-2.35, -1.19) -2.10 (-2.95, -1.25) 
More than enough money for needs (n=8,709)    
Yes reference -1.08 (-1.74, -0.41)  reference -2.03 (-2.90, -1.17) 
No -0.61 (-0.93, -0.30) -1.08 (-1.46, -0.69)  -0.88 (-1.20, -0.55) -2.32 (-2.82, -1.83) 
Able to meet payment of bills (n=8,724)    
Yes reference -0.52 (-0.80, -0.23)  reference -1.64 (-2.40, -1.23) 
No -0.65 (-1.13, -0.18) -1.16 (-1.81, -0.51)  -0.88 (-1.39, -0.37) -1.44 (-2.56, -0.31) 
Gender-specific beta coefficients (CI95) obtained by linear regression models adjusting for age and energy 
intake. 
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Figure 5-3 Association between social class (A), or sufficient money to afford food/clothing (B), and variety of fruits or vegetables by friend contact 
frequency 
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Figure 5–3 Association between social class (A), or sufficient money to afford food/clothing (B), and variety of fruits or vegetables by friend contact 
frequency 
Numbers analysed were: social class (n=8,298), and sufficient money for food/clothing (n=8,388).   
Combined economic and social conditions, and diet quality Chapter 5 
94 
Table 5–3 Association of inter-relations between economic conditions and friend contact 
frequency with variety of fruits or vegetables in older women and men in the 
EPIC-Norfolk study 
 Fruit variety 
 Women  Men 
 Frequent friend contact  Frequent friend contact 
 Yes No  Yes No 
High education (n=8,437)    
Yes reference -0.40 (-0.70, -0.11)  reference -0.48 (-0.71, -0.25) 
No -0.55 (-0.69, -0.41) -1.06 (-1.31, -0.81)  -0.47 (-0.65, -0.30) -1.02 (-1.29, -0.74) 
Home-owner (n=8,300)    
Yes reference -0.46 (-0.66, -0.25)  reference -0.55 (-0.74, -0.37) 
No -0.54 (-0.80, -0.27) -1.59 (-2.16, -1.01)  -0.85 (-1.18, -0.51) -1.11 (-1.75, -0.47) 
More than enough money for needs (n=8,381)    
Yes reference -0.80 (-1.34, 0.27)  reference -0.60 (-1.03, -0.18) 
No -0.33 (-0.51, -0.15) -0.80 (-1.05, -0.55)  -0.45 (-0.65, -0.24) -0.94 (-1.19, -0.68) 
Able to meet payment of bills (n=8,396)    
Yes reference -0.50 (-0.71, -0.30)  reference -0.52 (-0.71, -0.33) 
No -0.47 (-0.73, -0.21) -1.16 (-1.70, -0.62)  -0.39 (-0.72, -0.06) -0.95 (-1.50, -0.41) 
 Vegetable variety 
 Women  Men 
 Frequent friend contact  Frequent friend contact 
 Yes No  Yes No 
High education (n=8,437)    
Yes reference -0.56 (-1.05, -0.06)  reference -0.72 (-1.10, -0.34) 
No -1.38 (-1.62, -1.14) -2.10 (-2.52, -1.69)  -1.06 (-1.35, -0.77) -1.99 (-2.45, -1.53) 
Home-owner (n=8,300)    
Yes reference -0.64 (-0.98, -0.30)  reference -0.84 (-1.15, -0.53) 
No -1.25 (-1.69, -0.80) -2.76 (-3.73, -1.80)  -1.75 (-2.32, -1.19) -2.36 (-3.42, -1.29) 
More than enough money for needs (n=8,381)    
Yes reference -0.99 (-1.89, -0.10)  reference -0.61 (-1.32, -0.10) 
No -0.48 (-0.78, -0.18) -1.22 (-1.63, -0.80)  -0.74 (-1.09, -0.40) -2.32 (-2.82, -1.83) 
Able to meet payment of bills (n=8,396)    
Yes reference -0.87 (-1.21, -0.53)  reference -0.81 (-1.12, -0.49) 
No -0.84 (-1.28, -0.41) -0.92 (-1.83, -0.01)  -0.80 (-1.35, -0.24) -1.54 (-2.45, -0.63) 
Gender-specific beta coefficients (CI95) obtained by linear regression models adjusting for age and energy 
intake. 
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5.5 Discussion 
5.5.1 Synopsis of results 
This study revealed that three classical SES indicators and three FH measures were 
associated with older people’s diet quality in terms of fruit variety and vegetable variety, 
independent of their social relationships.  It also revealed independent associations between 
three structural social relationships and variety.  Of greatest novelty was the demonstration 
that variety was much lower for each measure of economic disadvantage when individuals 
also lacked a social relationship.  As hypothesised, women and men differed in the specific 
configurations of economic and social categories that most influenced healthful eating.  
Regardless of economic conditions, the study also found that only men had lower variety 
when non-married or lone-living. 
5.5.2 Methodological considerations 
As in previous studies, several forms of bias may affect the self-reported exposures and 
outcomes examined here.  As previously argued (3.5.2 and 4.5.2), perceptions of economic 
or social resources are worth investigating since subjective levels may better predict diet 
variety than objective levels,128 351  and set meal routines and consumption patterns may 
mitigate potential diet recall bias.107 108 335  Nevertheless, the study design did not account 
for transitions in, or cumulative economic or social disadvantage that could alter associations 
in opposing directions.  Any misclassification of exposures from changes to participants’ 
economic/social conditions between surveys would be unrelated to dietary outcomes and 
non-differential; thus biasing results towards the null.  In addition, residual confounding by 
income not collected in this cohort might bias observed associations to be larger than true 
associations.  Although low income can be a barrier to consuming fruits and vegetables and 
the unobserved influence of income cannot be discounted, current income is not the only 
structural resource used by older adults to fund their expenses which could explain why 
income is inconsistently associated with their diet.115 124 126 127 281  As noted above in 4.5.2, 
residual confounding might also occur from unexamined aspects of social relationships 
including existence of a confidant relationship.  Finally, findings cannot be generalized to 
lower SES populations, or to non-white or younger groups. 
Many study strengths are also acknowledged which included: a large sample size, gender 
analyses, six economic factors, three social structures and two dietary outcomes.  A proxy 
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for wealth was included among the conventional SES indicators strongly associated with diet 
quality,84 and older adults’ financial situation was also examined using three measures of FH 
which can be experienced regardless of income or SES level.273 276-279 352  It is recommended 
that studies of economic determinants examine multiple potentially relevant factors in 
relation to key socio-demographic factors, such as gender, not least because people who are 
similar on a single factor may not be economically comparable and different types of 
economic exposure may have unique associations with diet quality.179 219 288  Several social 
relationships also have distinct associations with older adults’ healthful eating (as shown in 
Chapter 4),286 thus reflecting how their lived experiences are characterised by highly 
differentiated social categories.124 207  But, the particular strength of this work was in 
considering combinations of diverse economic and social conditions in relation to two 
dietary outcomes and taking a gender perspective, thereby addressing a critical knowledge 
gap on the determinants of healthful eating among older adults.124  In doing so, this study 
begins to capture the complex reality of an older individual’s heterogeneous life 
circumstances wherein multiple social roles and diverse economic resources intersect to 
produce unique configurations that are specific to women and men and have distinct 
influences on healthful eating.14 124 180 
5.5.3 Relationship to previous work 
Factors related to both economic and social conditions are known to play an important role 
in the diet quality of older adults.85 116 121 123 124 128 286 304  Yet, the potential linkages between 
economic influences and social structures as unique determinants of healthful eating in 
older populations remain an identified evidence gap.124  This study is therefore the first to 
my knowledge to investigate different combinations of multiple economic factors with 
several social relationships in relation to two markers of diet quality in older women and 
men. 
Limited research indicates that the interplay between economic and social factors had a 
unique impact on health.353-358  A prospective US study showed employment status altered 
the influence of cohabitation on 6-year weight gain in young men.355  In cross-sectional 
studies of Swedish or UK populations, social capital (including contact with friends) modified 
adverse effects of economic deprivation on mental health;354 356 357 and similar results were 
found in urban Chinese for self-rated general health.353  However, it is likely that the 
apparent buffering effects of social structures occurred only when an individual perceived 
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the availability of such interpersonal resources as being commensurate with the needs that 
economic stresses elicited.349  Overall, evidence is strongest for the notion of a synergy of 
action resulting in an interlocking disadvantage of low social resources being more 
concentrated in economically poorer groups.358-361  In other words, lower status persons 
experience a pervasive disadvantage in exposure and vulnerability to poor health from 
undesirable life events including marital termination.362 
This study of diet quality in older adults showed much lower variety of fruits or vegetables 
was associated with the combination of all forms of economic and social disadvantages than 
with either considered alone.  That lack of a social structure appeared to magnify the inverse 
associations between economic disadvantages and healthful eating, parallels the synergy 
effects reported for health outcomes.  This study also found consistent associations of 
adverse social conditions and lower variety among men with strong economic conditions.  
Although some report associations of low social resources with poorer health only among 
people in deprived circumstances,353 356 the results here concur with other work showing 
that social disadvantage can have poor health outcomes regardless of poor economic 
conditions.354 357 358 
More importantly, the study examined inter-relations of multiple dimensions of economic 
disadvantage and different social relationships which is deemed necessary to account for 
highly differentiated life circumstances which produce the risk factors of cardio-metabolic 
conditions.363  Given the consistent stronger associations of dual disadvantages observed 
across the broad set of indicators, results can be interpreted as the constraint on older 
persons’ life choices about healthful eating from either a lack of capabilities in several 
areas,354 364 or a composite inequality of intersecting and mutually reinforcing 
disadvantages.14 18 180  Several results were consistent with Intersectionality Theory, 
suggesting that disadvantage in one context limits the realization of status/resources in 
another context to create a net effect that is greater than the sum of individual 
disadvantages.14 15 17 18  Results indicated that disadvantageous economic and social 
conditions should not be viewed as exclusive or separate determinants of diet quality in 
older groups.  Rather, their combined associations with variety reflected the unique 
constellation of economic and social categories that older people occupy,207 and therefore 
requires a novel public health approach to account for this complex reality.18 
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Moreover, the results confirmed women and men were differentially vulnerable to poor diet 
quality from distinct forms of economic and/or social disadvantage.350  Overall, findings 
demonstrated that men, particularly non-married or lone-living, fared worse in the 
associations between dual economic-social disadvantages and healthful eating.  For 
example, economically disadvantaged non-married men ate 1.30 fewer different vegetables 
(over at least a month) than women counterparts; economically disadvantaged lone-living 
men ate 1.0 less unique vegetable than similarly disadvantaged women.  Results support our 
hypothesis that, in men, all measures of SES combined with non-married or lone-living 
showed stronger inverse associations with variety, particularly vegetable variety.  Economic 
disadvantages combined with infrequent friend contact were also generally worse for men’s 
vegetable variety.  However, in terms of fruit variety, women fared worse than men since 
women ate 0.5 fewer different fruits than men when they reported both economic 
disadvantage and infrequent friend contact.  Thus, the hypothesis that combinations of 
material deprivation and infrequent friend contact will show the strongest associations with 
variety in women was true regarding fruit intake when comparing to material deprivation 
combined with other social relationships, and partly true when comparing to combinations 
of SES and infrequent friend contact. 
Other work examining social relationships and diet indicated that marital status and living 
arrangement were stronger determinants in men,132 157 280 286 323 340 while friendship relations 
were more influential in women.286 324 325  Women are known to have a larger network of 
friends who provided more of their social support than do other relationships as seen in 
men.312  Friends also appeared to explain why women and men differed in their vulnerability 
to the emotional impact of life adversities such as job loss or death of a spouse.350  Since 
women tend to have more frequent social contact than men as reported for this cohort and 
elsewhere,286 313 it is perhaps unsurprising that infrequent friend contact was the one social 
relationship associated with lower fruit variety in women regardless of economic conditions.  
Furthermore, a review of evidence on SES and diet indicated stronger gradients in women,84 
which this study found in a third to half of the observed associations between economic 
disadvantage alone and variety.  Notably, the strongest associations for either gender 
differed by economic indicator but included at least one SES and one financial hardship 
measure.  Finally, it is possible the double burden of economic and social disadvantages was 
worse in men because they perceived intersecting disadvantages as deprivation while 
women experienced equivalent levels as status quo.282 
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5.6 Conclusion 
In conclusion, multiple economic disadvantages, including everyday financial troubles, as 
well as lack of social structures were independently associated with lower diet quality in 
older British women and men.  Moreover, when combined, diet quality was even lower, 
suggesting dual economic and social disadvantages potentiated the burden on healthful 
eating.  The results indicated that efforts to increase variety and promote healthful eating in 
older adults will benefit from a simultaneous focus on improving their financial situation and 
encouraging their social connectivity.  Findings further demonstrated that not all 
combinations of economic and social disadvantage had the same salience for diet quality in 
women and men; future strategies and interventions may therefore need to be tailored to 
each gender. 
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CHAPTER 6 Known economic determinants of obesity 
This chapter serves as a transition in focus on adiposity as another risk factor for chronic 
conditions, and the main outcome of interest for the remaining two empirical studies in this 
dissertation.  It therefore provides some additional background through a brief summary of 
the literature on factors describing the economic environment which are associated with 
obesity and weight gain.  It is largely based on existing systematic reviews of cross-sectional 
and prospective evidence on the economic determinants of obesity.  Information specific to 
older populations was obtained through additional targeted searches of PubMed, Embase, 
Web of Science and Scopus, and through snowball sampling of references in reviews and 
relevant records. 
6.1 Conventional economic determinants of obesity and weight gain 
Multiple economic determinants of obesity have been suggested,66 165 365 particularly SES 
which is strongly and inversely related to obesity,101 176 178 and weight gain.177 366  While SES 
gradients are conventionally measured by education, occupational grade, income, or their 
combination,176 177 differences in obesity are also associated with employment status, home-
ownership, food security, area deprivation and other environmental factors, such as food 
prices or residential property values.66 161 171 355 365 367 368   
In England, for example, lower quintiles of equivalised household income are associated with 
a higher age-standardised prevalence of general and central obesity, compared to higher 
income quintiles.70  The 2011 Health Survey for England also shows greater levels of obesity 
among individuals reporting greater levels of relative deprivation: 25% of men and 30% of 
women in the most deprived quintile are obese compared to, respectively, 22% and 19% in 
the least deprived quintile.70  Similar figures are found in the 2012 US National Health 
Interview Survey, with 32% of adults in poor families being obese compared to 26% in non-
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poor families.369  Differences by SES are also observed in the rates of increase in either 
obesity or weight gain, with higher rates in lower SES groups.73 78 79  
However, in the UK and elsewhere, specific indicators of SES do not consistently relate to 
obesity or predict weight gain, most notably income.70 176 177  More importantly, the set of 
factors contributing to social patterns in obesity or weight gain differs by affluence165 and 
especially by gender.75 167 181-186 370  As illustrated in the Foresight Report,165 similar factors 
have different pathways of influence between affluent and less affluent groups, while some 
factors and pathways of influence are unique to each group.  Education is an example of 
shared factors with divergent pathways: it influences food literacy for both groups, but the 
consequent pathways of influence radically diverge because processes of social selection 
mean that the education received by affluent groups is qualitatively and quantitatively 
different from that received by less affluent groups.207  
An example of a pathway unique to less affluent groups is the inter-relation between 
financial constraints and time poverty.371  Healthier diets are related to higher dietary 
costs,372 373 and food work increases with healthy dietary change.271 374 375  Low-income 
groups have a dual restriction on their resources as they have less money to spend and less 
time available.376  This unique interplay is considered to be one of the economic features 
driving low income groups to consume less healthy diets comprising cheaper foods that 
provide more energy for monetary value and also require less work.376  The interaction’s 
effects, however, will disproportionately affect women because women are both more time 
poor and have lower incomes than men.377 
6.1.1 Gender, SES and adiposity 
Women and men differ in many of the factors describing the economic (and social) contexts 
of adiposity, as evidenced by stronger SES gradients in women and gender-specific SES 
differences in BMI or weight gain.  Education is a key example of a shared SES factor 
consistently associated with obesity-related outcomes that is observed to be more strongly 
graded in women.70 101  Moreover, the observed widening of educational differences in 
obesity over time is greater in women.79  Although some researchers find education-BMI 
associations are not shared with men, such contradictory findings can be explained by 
methodological considerations of response bias in that study which may have limited 
education differences and thereby underestimated true relationships.183 
Chapter 6 Known economic determinants of obesity 
103 
Gender-specific differences by SES in weight-related outcomes have also been reported.  For 
example, a cross-sectional study of neighbourhoods and obesity in older adults concluded 
that factors describing their economic and social environments were more influential on 
men’s body weight, whereas aspects of the built environment appeared more salient for 
women.370  Food security is possibly another gender-specific determinant of obesity as 
correlations between food insecurity and weight status were also observed repeatedly in 
women only.367  There is more evidence for the gender-specific role of low SES in childhood.  
In an early population-based study of obesity and mental health in white US adults, a seven-
fold higher prevalence of obesity was observed only among women reporting low social 
status of origin, measured by father’s occupation and education combined.378  Many studies 
since have consistently reported strong associations between early-life SES and current 
adiposity, or long-term weight gain, in women at any age but not in men,75 78 167 184 186 363 
with few exceptions.178 379  Little is known about this gender-specific factor among older 
adults as most longitudinal studies of childhood and adult SES focus on younger age 
groups.363  Nevertheless, one prospective study of Dutch middle-aged adults of both genders 
found childhood SES, measured by father’s occupation, was associated with general and 
central obesity, and long-term weight gain, in women only, independent of adulthood SES.186 
Another aspect of the gendered phenomenon of SES differences in obesity concerns the 
potential mechanisms of influence.  A few studies reveal that women and men differed 
either in the lifestyle factors that explained some of the SES gradients in obesity, or in the 
inter-relations between mediators and determinants.182 183 185  A large cross-sectional study 
of the Australian population found that only smoking behaviour interacted significantly with 
home-ownership and family status to influence BMI (from clinical measures) in men, 
whereas several other additional behaviours, including physical activity levels and use of 
low-fat dairy foods, interacted with employment status to explain BMI differences in 
women.182  Similarly in Finnish adults, diet and sitting in men and women were consistent 
mediators of associations between SES and objectively measured BMI, but leisure time 
physical activity was also a mediator in women.185  A smaller cross-sectional study in Ontario 
indicated that FV intake mediated education differences in high-risk adiposity among women 
but not men.183  Another small study of Australian youth found that SES gradients in 
adiposity were not mediated by dietary intake, physical activity or TV viewing in girls, 
whereas fat intake mediated the relationship in boys.380  For women, moreover, there may 
also be other pathways linking SES to BMI beyond lifestyle factors.  Sleep was proposed in 
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one Finnish study as an explanation for the finding that educational differences in BMI in 
men were fully explained by the mediating effects of lifestyle factors, but partially in 
women.185 
6.2 Beyond SES: novel measures of economic inequalities in obesity 
Conventional SES indicators are not the only, or arguably the best, way to understand how 
variation in people’s economic conditions is associated with adiposity,70 301 or weight gain.302 
381  Many studies of obesity demonstrate that conventional SES indicators do not fully 
capture people’s material resources and spending power.301-303 381  It is likely that everyday 
financial troubles may be a stronger antecedent to obesity and weight gain, than income, 
occupational status, or education. 
Self-reported economic difficulties, such as having enough money for needs, represent a 
person’s concrete financial strain that is only moderately correlated with income-based 
measures of material deprivation.276 277 381-383  Moreover, some evidence indicated that FH 
was more strongly related to depression and other mental health outcomes than current 
income, and when specific hardships were assessed, difficulty paying bills had the most 
prominent impact on depression.276 383  A person’s subjective financial situation may also be 
more strongly related to dietary changes than objective income measures.351 
Various cross-sectional and prospective studies support the notion that FH has independent 
effects on health beyond education, social class, income, home-ownership, or childhood 
SES.198 241 279 282-284 301-304 352 381 383-389  Limited research suggests that even high-income groups 
showed FH differences in lifestyle factors, such as for smoking,279 and that variation in FH 
was constant across income categories.381  Since individuals at all income levels can 
experience FH with consequent health effects, the implications for public health and policy 
are that income (or other standard SES indicators) should not be seen as the sole criteria for 
targeting obesity interventions aimed at supporting healthy ageing.179 282 284 384  
Despite wider research on poverty highlighting the added value of FH measures to concepts 
of inequality,278 current obesity research and policy has tended to neglect everyday financial 
troubles as a unique domain of economic determinants that deserves specific attention.179  
Existing literature on FH and obesity amounts to six published papers301-304 381 of which three 
were longitudinal,184 302 381 and four were population-based.184 303 304 381  One of the 
longitudinal studies examined FH in childhood, based on a single retrospective measure of at 
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least a year of money shortage, in relation to self-reported obesity in adult French women 
and men.184  Notably, a Dutch study focused on mediators of SES differences in CVD also 
found strong associations between overall FH and obesity.390  However, among the six FH-
obesity studies, only one cross-sectional study used objectively measured anthropometry 
and examined both general and central obesity.304  With two exceptions,303 304 most studies 
of FH in adulthood lacked attention to gender-specific associations either because available 
data were restricted to an occupational cohort of all females or because gender was simply 
included as a confounder.  Without a gender perspective, research cannot improve our 
understanding of the extent to which women and men differ in the FH associations with 
adiposity, and for which types of FH.  Filling this knowledge gap is necessary given there is 
evidence for women’s greater vulnerability to, and impact from, FH,127 206 297 and for unique 
processes of economic differentiation that underlie gender differences in SES-obesity 
associations.207 391 
Finally, in the same way that separate indicators of SES are inadequate proxies for one 
another,288 different types of FH should be examined separately from one another (and from 
conventional SES).  Specific forms of hardship can arise for different reasons that are specific 
to a person’s life-stage and differentially impact weight-related outcomes.303  A cross-
sectional study of item-specific hardships in US adolescents found that difficulty paying bills 
was a possible cause of obesity among female youth only.303  A prospective study of eight 
types of FH in Australian households found three specific items were associated with a 20% 
higher adjusted risk of being obese: namely, difficulty paying bills and heating one’s home, 
and asking for financial help from friends.381  Older adults are likely to experience some 
hardships more than others,208 209 282 specifically difficulty in paying bills and affording 
adequate food/clothing as these comprise some of the largest drains on disposable income 
in this age group.211  Hence it is important to examine different hardships so as to uncover 
variation in older people’s financial situation and thereby provide unique information that 
helps to identify opportunities for intervention.179 288 
6.3 Next steps: filling the gap on specific types of hardship, older 
populations, and gender 
To date, examination of separate hardships is still rare in studies of obesity,303 304 381 and 
there is even less focus on different types among older adults.304  None of the existing 
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studies explored the contribution of lifestyle or other factors that might participate in the 
pathway between FH and obesity.  Consequently, evidence remains limited regarding which 
type of FH most strongly determines obesity in older adults who comprise a growing 
population.  And, more critically, knowledge is limited as to whether, and to what extent, 
women and men differ in which types of FH are more strongly associated with obesity, or in 
the potential mechanisms of the relationship between FH and weight-related outcomes. 
The next two chapters aimed to contribute new evidence to the existing literature by 
addressing some of the knowledge gaps and limitations identified above.  Chapter 7 
therefore examined three types of FH in relation to measured general and central obesity, in 
a general population of older adults, while considering conventional SES indicators and 
examining women and men separately.  This cross-sectional study was complemented by 
longitudinal analysis of women and men employed in the British civil service in Chapter 8, 
which had the objective of ascertaining the independent relationship between two types of 
cumulative FH over 11 years and subsequent excess weight gain.  It also investigated a range 
of factors that might change over that time period and might act as putative mediators of 
the observed associations. 
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CHAPTER 7 Financial hardship and obesity in older 
adults 
This work is published as: Conklin AI, Forouhi NG, Surtees P, Wareham NJ, Monsivais P. 
Socioeconomic status, financial hardship and measured obesity in older adults: a cross-
sectional study of the EPIC-Norfolk cohort. BMC Public Health 2013; 13(1):1039-49. 
7.1 Abstract 
Background:  SES is strongly associated with obesity, but current economic circumstances 
are also independently associated with self-reported weight status in Finnish civil servants.  
This study aimed to examine three types of financial hardship (FH) in relation to measured 
general and central obesity in a general population of older adults, while considering 
conventional socioeconomic indicators. 
Methods:  Data came from 10,137 participants (≥50 years) in the EPIC-Norfolk cohort who 
responded to a postal Health and Life Experiences Questionnaire (1996–2000) and attended 
a clinical assessment (1998–2002).  Multivariable logistic regression models assessed 
likelihood of BMI≥30 kg/m2 and high WC specific to women (WC≥88 cm) and men (WC≥102 
cm), calculated from measured anthropometrics. 
Results:  Obesity prevalence was consistently patterned by standard socioeconomic 
indicators, with over-50s in the lowest social class being twice as likely to be obese than 
those in the highest class (women: 2.10 [CI95: 1.41—3.13]; men: 2.36 [1.44—3.87]).  After 
SES adjustment, reporting having less than enough money for one’s needs (compared to 
more than enough) was associated with obesity in women (2.04 [1.54—2.69]) and men (1.83 
[1.34—2.49]).  Similar associations were demonstrated between obesity and always or often 
insufficient money for food/clothing (women: 1.40 [1.03—1.90]; men: 1.81 [1.28—2.56]), 
compared to reporting this never occurred.  The strongest independent associations were 
seen for obesity and reported greatest level of difficulty paying bills (women: 2.20 [1.37—
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3.55]; men: 2.40 [1.38—4.17]), compared to having no difficulties.  Findings for central 
obesity were slightly higher in women and lower in men. 
Conclusion:  Obesity in British over-50s was more likely in study participants who reported 
greater FH, even after education, social class and home ownership were taken into account.  
Public health policies need to consider the hitherto neglected role of FH in older people, 
especially difficulty paying bills, as part of strategies to prevent or reduce obesity. 
7.2 Introduction 
An older person’s experience of material hardship is a valuable way to understand inequality 
in obesity.278  Evidence from two occupational cohorts supports the notion that FH reflects a 
distinct set of economic factors that independently impact health beyond the reported 
influence exerted by conventional SES indicators.283 301 302 384 385 387  FH is closely correlated, 
but not interchangeable, with conventional SES and therefore deserves specific attention.179  
FH deserves specific attention, furthermore, because individuals at any income or other SES 
level can vary in the experiences of material hardships.  A study of smoking behaviours found 
significant associations with FH even within high-income groups,279 and another prospective 
study found differences in prolonged FH were constant across income categories.381  Since 
individuals at all income levels can experience FH with consequent health effects, the 
implications for public health and policy are that income (or other standard SES indicators) 
should not be seen as the sole criteria for targeting obesity interventions aimed at 
supporting healthy ageing.179 282 284 384  
As the disposable income of older people is especially stressed by paying bills and affording 
adequate food and clothing,211 it is surprising that research and policy has neglected 
everyday financial troubles as a unique domain of economic determinants of obesity.  
Consequently, little is still known about the relationship between FH and obesity, particularly 
whether specific types of hardship are associated with differences in obesity among older 
adults who comprise a growing population.209 282 301  Older adults with greater hardships may 
purchase less food and have lower weights due to fewer calories; equally, they may also 
purchase cheaper food high in energy density which could contribute to excess weight. 
This study therefore investigated the gender-specific associations between three types of 
self-reported FHs and obesity measured objectively in adults aged 50 and older.  It was 
hypothesised that greater levels of FH may be associated with greater odds of obesity, 
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overall and centrally, with gender differences in magnitude of associations.  Furthermore, 
associations were expected to remain significant after adjusting for conventional SES. 
7.3 Methods 
7.3.1 Study population 
Participants for this study were the over-50s from EPIC-Norfolk, as described in 1.5.2 above.  
Similar to Chapter 3, the main exposures were the three FH measures assessed by the HLEQ.  
Completed responses from over-50s ranged between 17,953 and 17,998, depending on the 
question.  Study outcomes used data on BMI (n=11,982) and WC (n=12,000) which were 
measured objectively during EPIC-Norfolk’s second clinical assessment.  Figure 7–1 shows 
the eligible sample therefore included over-50s who responded to FH questions, had 
covariates and follow-up anthropometry (range: 10,113—10,137), with 99% complete data. 
 
 
Figure 7–1 Process of sample selection from the EPIC-Norfolk cohort 
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7.3.2 Measures 
Economic exposures 
This study used education, occupational social class, home-ownership (a wealth proxy) as 
standard indicators of SES.  Three FH measures concerned money for needs, frequency of 
insufficient money for food/clothing and difficulty paying bills.  As in Chapter 3, FH responses 
‘often’ and ‘always’, or ‘great’ and ‘very great’, were combined for analysis. 
Obesity outcomes 
Trained nurses in EPIC-Norfolk used standardised protocols to measure weight, height, and 
waist circumference (WC) of all participants attending the second clinic assessment, as 
reported elsewhere.218 392  BMI was calculated as weight in kilograms divided by the square 
of height in metres.  Participants who had a BMI ≥30 kg/m2 were classified as obese overall.  
Central obesity was calculated using gender-specific threshold criteria: women with WC ≥88 
cm and men with WC ≥102 cm were classified as centrally obese. 
Socio-demographic variables 
Socio-demographic characteristics studied included concurrent self-reported smoking status 
(categorical), marital status (categorical), and self-rated general health status (categorical), 
regular car use (binary), age and gender. 
7.3.3 Data analysis 
Descriptive statistics summarised socio-demographic characteristics, and general and central 
obesity, across FH levels.  The inter-relationships among the FH indicators were examined 
using a correlation matrix after recoding two FH indicators into three levels: frequency of 
insufficient money for food/clothing (never; sometimes/seldom; often/always), and difficulty 
paying bills (none; very little/slight; some/great/very great).   
Odds ratios of prevalent obesity for the six economic variables were examined in base 
logistic regression models that were a priori gender-stratified and adjusted for three known 
confounders (concurrent age, smoking status and marital status)—each is associated with 
the exposures and independently with the outcomes.393-396  For each categorical measure of 
FH, sequential logistic regression models were fitted to gender-stratified covariate-adjusted 
base models; first by education, followed by occupational social class, and then by home-
ownership.  The final model for each FH indicator mutually adjusted for conventional SES 
and known confounders, and hence the remaining gender-specific odds ratios for general 
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and central obesity were interpreted as independent associations of the FH variable in 
question.  Results are presented as odds ratios (ORs) and CI95. 
In secondary analyses, further adjustment was conducted for concurrent lifestyle variables: 
total energy intake (kcal/d), total alcohol consumption (units/week), and a physical activity 
and energy expenditure (PAEE) score.  Self-reported total energy and alcohol intake were 
assessed by FFQ;226 and PAEE by the EPAQ2 questionnaire that was previously validated 
against individually calibrated heart rate against energy expenditure.397  For women, 
menopause and hormone replacement therapy (HRT) statuses were also added to secondary 
models. 
7.4 Results 
The mean age of participants was 62.5 years (SD 7.5) with 54% of the sample made up of 
women.  A majority (81%) reported being in good or excellent general health, and 51% were 
ever smokers.  For the whole sample, 11% were educated to degree-level; 14% of men and 
9% of women were educated to this level.  Professional (class I), and managerial and 
technical (class II), occupations comprised 42% of the sample; few women (4%) and men 
(3%) had unskilled occupations.  Mean BMI in men was 27 kg/m2 (SD 3.3), and 26.8 kg/m2 
(SD 4.4) in women; 16% of men and 20% of women were classified as obese overall.  
Women’s average WC was 82.9 cm (SD 10.6) and men’s was 96.7 cm (SD 9.6); 29% of 
women and 27% of men were classified as being centrally obese. 
Table 7–1 below indicates the close inter-relationship between the three measures of self-
reported FH and other socio-demographic measures.  The three FH measures were 
moderately related to each other.  The indicator having enough money for needs shared 
23% and 26% of its variability with the indicators frequency of insufficient money for 
food/clothing (r=0.48) and difficulty paying bills (r=0.51), respectively.  Frequency of 
insufficient money for food/clothing shared 38% of its variability with difficulty paying bills 
(r=0.62). 
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Table 7–1 Characteristics of over-50s in the EPIC-Norfolk study across levels of self-reported financial hardship 
 Women Not 
married 
Lower 
educationa 
Lower social 
classb 
Renterc Poor/ 
moderate 
health 
Ever 
smoker 
Irregular 
car used 
General 
obesity 
Central 
obesity 
Having enough money for needs (n=10,113) 
More than enough (n=1,934) 53% 16% 29% 7% 1% 10% 47% 82% 13% 21% 
Just enough (n=7,220) 55% 20% 49% 17% 8% 17% 52% 78% 18% 28% 
Less than enough (n=999) 52% 32% 53% 23% 23% 28% 62% 73% 26% 36% 
Frequency of insufficient money (n=10,126) 
Never (n=6,186) 53% 18% 42% 12% 5% 14% 50% 80% 15% 25% 
Seldom (n=2,256) 56% 21% 48% 18% 8% 18% 53% 76% 20% 30% 
Sometimes (n=1,223) 59% 24% 53% 24% 16% 22% 53% 74% 21% 32% 
Often/ Always (n=461) 57% 35% 56% 26% 28% 31% 59% 72% 25% 35% 
Difficulty paying bills (n=10,137) 
None (n=6,118) 55% 18% 44% 13% 5% 14% 51% 79% 16% 25% 
Very little (n=2,401) 53% 21% 45% 17% 8% 18% 52% 79% 18% 29% 
Slight (n=741) 56% 22% 46% 21% 14% 22% 55% 76% 22% 32% 
Some (n=731) 59% 33% 52% 26% 23% 29% 54% 74% 25% 34% 
Great/ Very great (n=146) 58% 36% 53% 24% 29% 38% 67% 76% 32% 40% 
Measurement time-points were: gender, education, and occupational class (1993-1997); home-ownership, regular car use and all FH measures (1996-2000); self-rated general 
health, smoking status, marital status, and anthropometry (1998-2002). aNo qualification or O-level; bPartly skilled (class IV), or unskilled (class V) occupations; cAccommodation 
type: council housing; private and furnished; private and unfurnished; dSelf-reported travel by car most or all of the time (yes/no). 
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7.4.1 Conventional SES indicators and odds of obesity 
There was a clear pattern of inverse association between social class, education, or home-
ownership, and general and central obesity in gender-specific models adjusted for covariates 
(Table 7–2).  The lowest social class (V) was significantly associated with greater odds of 
general obesity in women (2.10 [1.41, 3.13]) and men (2.36 [1.44, 3.87]) aged 50 and over.  
Similar gender-specific associations were observed between social class and central obesity, 
but reached significance only in women.  Women and men who reported having no 
educational qualification were more likely to be obese centrally and overall, although odds 
ratios were larger in men for both outcomes.  Similarly, obesity was more likely in women 
and men who reported renting public or private accommodation (compared with owning); 
magnitudes were largest for general obesity in men who rented public accommodation. 
Further adjustment for total energy intake, physical activity and alcohol intake attenuated or 
made little difference to most of the associations between conventional SES indicators and 
obesity (Appendix E, Table E–1).  Addition of menopause and HRT status made no difference 
to overall magnitude or direction of findings for women. 
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Table 7–2 Odds ratios of general and central obesity across levels of SES in women and men 
(≥50 years) in the EPIC-Norfolk study 
 General obesity  Central obesity 
 Women Men  Women Men 
Social Class (n=6,320) (n=5,277)  (n=6,327) (n=5,286) 
Professional 1.00 1.00  1.00 1.00 
Managerial and 
Technical 
1.29 (0.96, 1.72) 1.33 (0.96, 1.84)  1.11 (0.88, 1.41) 1.08 (0.85, 1.37) 
Skilled non-
manual 
1.23 (0.90, 1.66) 1.57 (1.09, 2.26)  0.99 (0.77, 1.28) 1.13 (0.86, 1.49) 
Skilled manual 1.49 (1.10, 2.02) 1.53 (1.09, 2.14)  1.10 (0.85, 1.41) 1.03 (0.80, 1.34) 
Partly skilled 2.10 (1.53, 2.86) 1.36 (0.94, 1.96)  1.41 (1.08, 1.84) 1.10 (0.83, 1.45) 
Unskilled 2.10 (1.41, 3.13) 2.36 (1.44, 3.87)  1.57 (1.11, 2.22) 1.47 (0.97, 2.24) 
Education (n=6,464) (n=5,353)  (n=9,531) (n=6,327) 
Degree 1.00 1.00  1.00 1.00 
A-level 1.16 (0.92, 1.46) 1.48 (1.28, 2.15)  1.12 (0.92, 1.36) 1.17 (0.97, 1.42) 
O-level 1.33 (1.01, 1.74) 1.27 (0.90, 1.78)  1.07 (0.84, 1.36) 1.27 (0.98, 1.65) 
No qualification 1.59 (1.27, 1.99) 1.66 (1.28, 2.15)  1.38 (1.14, 1.67) 1.42 (1.16, 1.73) 
Home-ownership (n=5,727) (n=4,706)  (n=5,734) (n=4,712) 
Owner-occupier 1.00 1.00  1.00 1.00 
Renting, private 1.49 (1.02, 2.17) 1.85 (1.20, 2.85)  1.41 (1.00, 1.99) 1.43 (0.97, 2.11) 
Renting, public 1.49 (1.15, 1.92) 1.70 (1.22, 2.35)  1.66 (1.32, 2.08) 1.69 (1.27, 2.24) 
Gender-specific odds ratios (CI95) obtained by multivariable logistic regression analysis adjusting for 
concurrent age, marital status and smoking status. 
 
7.4.2 FH and odds of obesity 
In an analysis adjusting for age, smoking status, and marital status, all three measures of FH 
were strongly associated with obesity in both sexes (Table 7–3, Model A).  The magnitude of 
association was greater than that seen for the more traditional measures of SES.  In general, 
the measures of association were similar in men and women.  Adjusting for education, social 
class, and home-ownership attenuated the associations between FH and odds of general 
obesity (Model D).  The degree of attenuation was greater for women than men. 
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Table 7–3 Odds ratios of general obesity across levels of FH in women and men (≥50 years) 
in the EPIC-Norfolk study 
 Women 
 Model A Model B: A + 
education 
Model C: B + social 
class 
Model D: C + home-
ownership 
Enough money for needs 
More than enough 1.00 1.00 1.00 1.00 
Just enough 1.50 (1.24, 1.81) 1.39 (1.15, 1.69) 1.36 (1.12, 1.65) 1.34 (1.10, 1.64) 
Less than enough 2.56 (1.98, 3.33) 2.32 (1.78, 3.03) 2.20 (1.68, 2.88) 2.04 (1.54, 2.69) 
Frequency of insufficient money for food/clothing 
Never 1.00 1.00 1.00 1.00 
Seldom 1.41 (1.21, 1.66) 1.38 (1.18, 1.62) 1.36 (1.16, 1.60) 1.35 (1.14, 1.59) 
Sometimes 1.64 (1.36, 1.98) 1.57 (1.30, 1.90) 1.53 (1.26, 1.85) 1.44 (1.18, 1.76) 
Often/ Always 1.68 (1.26, 2.25) 1.57 (1.18, 2.10) 1.54 (1.15, 2.06) 1.40 (1.03, 1.90) 
Difficulty paying bills 
None 1.00 1.00 1.00 1.00 
Very little 1.38 (1.18, 1.62) 1.37 (1.16, 1.60) 1.33 (1.13, 1.56) 1.32 (1.12, 1.56) 
Slight 1.78 (1.41, 2.25) 1.75 (1.39, 2.21) 1.76 (1.39, 2.23) 1.67 (1.32, 2.13) 
Some 2.08 (1.66, 2.61) 1.99 (1.59, 2.50) 1.92 (1.53, 2.42) 1.81 (1.43, 2.30) 
Great/ Very great 2.52 (1.60, 3.98) 2.37 (1.50, 3.75) 2.38 (1.50, 3.78) 2.20 (1.37, 3.55) 
 Men 
Enough money for needs 
More than enough 1.00 1.00 1.00 1.00 
Just enough 1.28 (1.02, 1.59) 1.22 (0.97, 1.53) 1.18 (0.94, 1.48) 1.17 (0.93, 1.47) 
Less than enough 2.13 (1.59, 2.85) 2.00 (1.49, 2.69) 1.93 (1.43, 2.61) 1.83 (1.34, 2.49) 
Frequency of insufficient money for food/clothing 
Never 1.00 1.00 1.00 1.00 
Seldom 1.32 (1.09, 1.60) 1.30 (1.07, 1.57) 1.29 (1.06, 1.56) 1.30 (1.07, 1.59) 
Sometimes 1.30 (1.01, 1.66) 1.26 (0.98, 1.62) 1.24 (0.97, 1.60) 1.15 (0.88, 1.49) 
Often/ Always 2.04 (1.47, 2.84) 1.98 (1.42, 2.76) 1.93 (1.38, 2.71) 1.81 (1.28, 2.56) 
Difficulty paying bills 
None 1.00 1.00 1.00 1.00 
Very little 1.05 (0.87, 1.28) 1.04 (0.86, 1.27) 1.04 (0.85, 1.26) 1.02 (0.84, 1.24) 
Slight 1.18 (0.87, 1.60) 1.17 (0.86, 1.59) 1.17 (0.86, 1.58) 1.13 (0.83, 1.55) 
Some 1.61 (1.21, 2.15) 1.58 (1.18, 2.11) 1.54 (1.15, 2.06) 1.39 (1.02, 1.88) 
Great/ Very great 2.48 (1.45, 4.26) 2.43 (1.42, 4.18) 2.51 (1.46, 4.34) 2.40 (1.38, 4.17) 
Gender-specific odds ratios (CI95) obtained by multivariable logistic regression analysis adjusting for 
concurrent age, marital status and smoking status. Model D numbers of women and men were, respectively: 
money (5,526; 4,588); frequency of insufficient money (5,536; 4,591); difficulty paying bills (5,542; 4,596). 
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A somewhat different pattern was observed for associations with central obesity which 
tended to be stronger in women than men (Table 7–4, Model A).  As with general obesity, 
SES adjustment attenuated the odds of central obesity associated with FH, which was 
greater for women than men (Model D).  Additional adjustment for other lifestyle variables 
had little effect on the measures of association for either general, or central, obesity 
(Appendix E, Table E–2 and Table E–3). 
 
Table 7–4 Odds ratios of central obesity across levels of FH in women and men (≥50 years) 
in the EPIC-Norfolk study 
 Women 
 Model A Model B: A + 
education 
Model C: B + social 
class 
Model D: C + home-
ownership 
Enough money for needs 
More than enough 1.00 1.00 1.00 1.00 
Just enough 1.55 (1.31, 1.83) 1.48 (1.25, 1.75) 1.50 (1.26, 1.78) 1.50 (1.26, 1.78) 
Less than enough 2.51 (1.99, 3.18) 2.37 (1.86, 3.00) 2.32 (1.82, 2.97) 2.16 (1.68, 2.78) 
Frequency of insufficient money for food/clothing 
Never 1.00 1.00 1.00 1.00 
Seldom 1.33 (1.15, 1.53) 1.30 (1.13, 1.50) 1.29 (1.12, 1.49) 1.29 (1.11, 1.49) 
Sometimes 1.49 (1.26, 1.77) 1.45 (1.22, 1.72) 1.44 (1.21, 1.71) 1.38 (1.15, 1.65) 
Often/ Always 1.76 (1.36, 2.29) 1.69 (1.30, 2.19) 1.65 (1.26, 2.15) 1.51 (1.15, 1.99) 
Difficulty paying bills 
None 1.00 1.00 1.00 1.00 
Very little 1.39 (1.21, 1.60) 1.38 (1.20, 1.59) 1.36 (1.18, 1.56) 1.36 (1.17, 1.57) 
Slight 1.57 (1.26, 1.94) 1.55 (1.25, 1.92) 1.57 (1.26, 1.95) 1.50 (1.20, 1.87) 
Some 1.74 (1.41, 2.15) 1.69 (1.37, 2.09) 1.68 (1.36, 2.08) 1.59 (1.28, 1.99) 
Great/ Very great 2.66 (1.73, 4.08) 2.55 (1.66, 3.92) 2.46 (1.59, 3.82) 2.34 (1.49, 3.67) 
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Table 7–4 (continued)     
 Men 
 Model A Model B: A + 
education 
Model C: B + social 
class 
Model D: C + home-
ownership 
Enough money for needs 
More than enough 1.00 1.00 1.00 1.00 
Just enough 1.19 (1.00, 1.42) 1.14 (0.96, 1.36) 1.16 (0.97, 1.39) 1.14 (0.95, 1.37) 
Less than enough 1.76 (1.38, 2.25) 1.66 (1.30, 2.13) 1.69 (1.31, 2.17) 1.64 (1.26, 2.12) 
Frequency of insufficient money for food/clothing 
Never 1.00 1.00 1.00 1.00 
Seldom 1.32 (1.13, 1.55) 1.30 (1.11, 1.52) 1.30 (1.11, 1.53) 1.30 (1.11, 1.53) 
Sometimes 1.33 (1.08, 1.63) 1.29 (1.05, 1.58) 1.30 (1.06, 1.60) 1.26 (1.01, 1.56) 
Often/ Always 1.62 (1.20, 2.19) 1.58 (1.17, 2.13) 1.57 (1.16, 2.13) 1.51 (1.11, 2.07) 
Difficulty paying bills 
None 1.00 1.00 1.00 1.00 
Very little 1.14 (0.98, 1.33) 1.13 (0.97, 1.32) 1.14 (0.98, 1.34) 1.13 (0.96, 1.32) 
Slight 1.25 (0.97, 1.61) 1.24 (0.97, 1.60) 1.25 (0.97, 1.61) 1.24 (0.96, 1.61) 
Some 1.53 (1.19, 1.96) 1.50 (1.17, 1.93) 1.47 (1.14, 1.90) 1.35 (1.04, 1.77) 
Great/ Very great 1.48 (0.88, 2.49) 1.45 (0.86, 2.44) 1.53 (0.90, 2.59) 1.49 (0.87, 2.54) 
Gender-specific odds ratios (CI95) obtained by multivariable logistic regression analysis adjusting for concurrent 
age, marital status and smoking status.  Model D numbers of women and men were, respectively: money (5,533; 
4,594); frequency of insufficient money (5,543; 4,597); difficulty paying bills (5,549; 4,602). 
7.5 Discussion 
7.5.1 Synopsis of results 
This cross-sectional, population-based study of UK over-50s showed social class, education, 
and wealth (measured by home-ownership) gradients in obesity.  It further demonstrated 
strong associations with obesity for three types of FH that were independent of the three 
conventional indicators of SES examined.  Independent associations were particularly strong 
for central obesity in women. 
7.5.2 Methodological considerations 
The FH variables were self-reported and like all such variables may be subject to different 
forms of bias.  Interpretation of the meaning of FH can also vary widely across the 
population; equivalent levels of financial strain can be perceived and experienced as a 
normative status of daily living for some groups but as deprivation for others.282  Precedent 
exists, however, for the measures used here as findings of independent associations are 
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consistent with other studies of self-reported and objective health outcomes in similarly-
aged groups.282-284  Although FH was assessed before anthropometry measurement 
(averaging 18 months), the duration of, or transition in, hardship could not be ascertained in 
relation to obesity as the survey was administered once.  Thus, there may have been 
misclassification of exposures stemming from changes to participants’ hardship levels in the 
interval between assessment of financial circumstances and anthropometric measurement.  
Such misclassification would be non-differential since it was unlikely to have been related to 
our outcomes and hence would have biased results towards the null. 
This study may also be subject to residual confounding in two ways.  First, income was not 
collected in The EPIC-Norfolk study and thus there was no accounting for income-based 
differences. However, income is not consistently shown to have an impact on weight in older 
adults or for both genders,398 399 and may not sufficiently reflect structural resources in this 
sample of older adults since they likely also use savings to fund their expenses.281  This study 
nevertheless examined multiple economic factors separately and also included education, 
social class and home-ownership in analyses of specific forms of FH.  Second, parity was not 
analysed but may have confounded or mediated associations between some of the 
economic exposures and obesity.400 401  
Notwithstanding some limitations, the study’s strengths include a large sample size, gender-
specific analyses, adjustment for several known confounders and lifestyle variables, and two 
objective obesity measures.  Finally, this cohort had similar characteristics to the general UK 
population apart from fewer smokers and lack of ethnic diversity,212 392 and so findings could 
be generalised to other white European-origin older adults. 
7.5.3 Relationship to previous work 
This work is novel in at least three ways.  First, it examined three separate FH exposure 
measures and thus provides unique information on how different types of the FH domain 
might be associated with higher prevalence of obesity.288  It therefore adds depth to 
previous studies115 208 241 283 301 302 384 385 387 in which responses to hardship questions are 
combined into one summary indicator that then limits the opportunity to reveal potential 
targets for intervention.  Second, the focus on over-50s fills a gap in the literature as no 
studies of economic strain and health in older populations have assessed obesity.209 282  Third 
and most notably, the study is clinically relevant.  It used two objective measures of obesity 
recommended as separate predictors of health risk, particularly central adiposity,402 rather 
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than self-reported weight which is prone to bias from inaccuracy of height and 
underreporting and misclassification for obese categories.403 404 
The finding that FH showed independent associations with BMI is consistent with current 
evidence which notably comes from occupational cohorts.283 301  The Helsinki Health Study of 
middle-aged employees, mostly women, reported increased odds of self-reported BMI for 
frequent FH independent of conventional SES and early life factors,301 but this study’s 
estimates were slightly larger.  Unlike this work, that study of self-reported BMI included 
only age and no other BMI-related covariates associated with standard SES and obesity.405  
Another study of the same occupational cohort found higher odds of weight gain (≥5 kg) 
with increasing frequency of FH after conventional SES adjustment, but again without 
accounting for smoking status, living arrangement or other health behaviours.302  The 
Whitehall II study of FH and coronary events in middle-aged men also found that a higher FH 
score was associated with a higher BMI and waist-hip ratio measured objectively, but the 
age-adjusted association did not account for conventional SES.283  To my knowledge, no 
other studies of FH have reported on central obesity for us to compare our findings. 
Existing evidence supports the notion that social inequalities in obesity differ by gender with 
SES differences being associated more strongly and consistently with BMI in women.101 176 178 
406  Gender differences are also reported among the few studies examining FH and obesity, 
suggesting independent associations are stronger in men.301 302  Notably, those results were 
reported in a younger population comprised of civil servants.  The present study of a 
population-based sample of older British adults revealed contrasting results.  Conventional 
SES proxies tended to be more strongly and consistently associated with men’s higher odds 
of obesity which does not have a clear explanation.  By contrast, the main associations 
between FH and obesity were larger than those of SES and also stronger in women.  
However, after adjusting for conventional SES, gender differences observed in the 
magnitude of associations depended on the type of hardship and obesity measure.  This 
observed reversal between the genders in the strength of economic disparities in obesity 
might point to gender-based differences in the experience of FH.  For example, men and 
women have differential vulnerabilities to FH as women report insufficient money for food 
twice more often than men,127 206  and they also have differential power in intra-household 
economics and division of labour.407 408 
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Several potential pathways might link FH with obesity.  FH is a powerful stressor and 
sociologists have shown that coping and social support can explain how the effects of FH 
vary across socially and economically demarcated groups.208 225  Coping behaviours involving 
the manipulation of goals and values were found to be effective for household financial 
strain, and to be used to a greater extent by socially advantaged groups, namely men, the 
educated, and the affluent.225  Other potential mediators include psychological resources 
such as self-esteem and sense of mastery.209  Structural factors range from consumer prices 
of goods and services (e.g. food, transportation)115 and neighbourhood access to healthy 
foods and safe spaces for physical activity,99 to employment409 410 and cultural norms and 
social meanings reinforced through media and advertising.116 117  Since FH was a stronger 
correlate of obesity than conventional SES, excess weight and abdominal fat may be more 
directly influenced by mechanisms related to spending power and material resources, 
including lack of sleep from financial worries and physiological responses to hardship-related 
stress, than by non-material factors such as social roles, cultural norms, and knowledge.  
Both chronic stress and insufficient sleep have independent associations with obesity.411-413 
Although people of all ages may encounter FH, adults in older age groups are at greater risk 
of increased FH which commonly results from events they are more likely to experience such 
as divorce, death of spouse, or involuntary job loss.208 209  The results suggest that monetary 
and coping interventions may be useful in efforts to reduce obesity among over-50s.  Formal 
mediation analyses of stress-related indicators are warranted to examine physiological 
mechanisms of influence between FH and obesity in older women and men.  Future research 
should also explore how both social and economic aspects of an individual’s life 
circumstances interact to produce combined effects on obesity as called for in the public 
health research and policy literature.13 20  Nevertheless, prevention of obesity in over-50s 
would benefit more from an increased focus on their experience of FH in addition to their 
education or income levels. 
7.6 Conclusions 
British over-50s reporting greater levels of FH were more likely to have excess weight and 
abdominal fat.  Likelihood of obesity was more strongly correlated with FH than 
conventional markers of SES.  Thus, FH indicators provided additional explanatory power 
beyond education, social class or home-ownership for understanding variation in prevalence 
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of obesity in over-50 women and men.  The findings confirm that it is not sufficient to solely 
consider education, social class or home-ownership when examining the complex role of 
economic determinants in the prevention of obesity or in weight support among older 
adults.  Rather, public health policies and strategies need to support older people in terms of 
their more contemporaneous economic concerns.  Interventions and practice standards to 
reduce or prevent obesity might include coping and monetary strategies and a focus on 
meeting bill payments might be a suitable target for approaches to address obesity. 
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CHAPTER 8 Cumulative financial hardship, excess 
weight gain and potential mediators 
This work is submitted as: Conklin AI, Forouhi NG, Brunner E, Monsivais P. Persistent 
financial hardship and 11-year weight gain in the Whitehall II study: what is the role of 
change in lifestyle, depression or marital status? (Obesity, submitted). 
8.1 Abstract 
Background: SES is strongly associated with obesity and weight gain, but current economic 
circumstances might also independently impact adiposity outcomes in adults.  This study 
aimed to ascertain prospectively the independent relationship between types and amounts 
of FH and weight gain, and examine the contribution of multiple potential mechanisms. 
Methods: Data came from 3,701 adults in a prospective occupational cohort of British civil 
servants (Whitehall II study).  Self-reported FHs (having difficulty paying bills and insufficient 
money to afford adequate for food/clothing) were assessed four times (1985-88; 1989-90; 
1991-93; 1997-99), and weight measured twice (1985-88; 1997-99).  Mediation analyses 
examined four lifestyle factors, marital status and depression. 
Results: Persistent FH of both types was associated with adjusted mean weight change in 
women over 10.9 years, but no consistent pattern was seen in men.  During follow-up, 46% 
of women gained ≥5 kg.  Women reporting persistently insufficient money for food/clothing 
had a significantly greater odds of excess weight gain (≥5 kg) (1.42 [1.05, 1.92]) compared to 
no hardship history, which remained after SES adjustment (1.45 [1.05, 2.01]).  The 
association between persistent difficulty paying bills and odds of excess weight gain was also 
significant (1.42 [1.03, 1.97]) but attenuated after considering SES (1.39 [0.98, 1.97]).  Two 
factors (change in smoking status and marital status) fulfilled criteria for potential mediators, 
but did not attenuate associations. 
Cumulative financial hardship, excess weight gain and potential mediators Chapter 8 
124 
Conclusion: Persistently insufficient money for food/clothing over 11 years was 
independently associated with subsequent weight gain in female British employees, but was 
not mediated by lifestyle factors, marital status or depression.  Results suggested strategies 
to tackle obesity must address employed women's everyday financial troubles which may 
influence weight through more biological pathways than classical correlates of economic 
disadvantage and weight. 
8.2 Introduction 
Cumulative economic hardship is more harmful for health than single exposure,198 276 282 352 
381 389 and a person’s financial situation may relate more strongly to health than economic 
disadvantage based on conventional measures of SES.115 241 276 301 302 304 354 382-385 387 388  
However, current evidence on how everyday financial troubles impact health limits the 
opportunity to reveal potential targets for intervention because overall FH is assessed by a 
summary measure, with limited exceptions of item-specific measures.303 304 381 383  
Furthermore, evidence for an independent link between cumulative FH and obesity in 
adulthood is scarce, with only two prospective studies.302 381  All existing studies in this area 
are limited by self-reported measures;301-303 381 except one cross-sectional study.304  Great 
scope exists for more work to unmask the differential impact on measured weight from 
different types of FH since hardships can arise for various reasons,303 particularly in older 
adults,208 209 282 and have gender differences in vulnerability or strength of impact.127 206 297 
In addition, there is a need to understand the pathways by which SES, or FH, might influence 
adiposity.  Research on potential mediators between SES and adiposity has focused on 
lifestyle factors.177 183 185  The role of potential mediators is absent from current literature on 
FH and adiposity, although a range of mechanisms are likely to contribute and vary by 
gender.181  For example, smoking was associated with low SES, lower BMI and lower rates of 
weight gain.386 414 415  While smoking and other lifestyle factors were further patterned by 
gender,180 few investigations have explicitly conducted gender-specific mediation.177  Those 
studies suggested gender differences existed in the mediating lifestyle factors and that 
mediators only partly explained the SES-obesity association.182 183 185 366 380  Beyond lifestyle, 
other social and psychological factors, such as marital status and depression, were also 
strongly correlated with both SES and obesity,181 416-418 but these remain unexamined as 
potential mediators of economic determinants of adiposity.73 75 177 
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This study examined prospectively overall associations between two types, and amounts, of 
FH and measured weight gain in employed middle-aged women and men in Britain, while 
considering conventional SES measures.  As individuals can experience transitions in factors 
that may participate in the pathway linking cumulative FH and excess weight gain, the study 
also investigated whether change in lifestyle factors, marital status or depression, was a 
putative mediator and, if so, whether change would partially attenuate associations. 
8.3 Methods 
8.3.1 Study population 
This study used data from the Whitehall II study—a cohort of London-based civil servants 
aged 35-55 (n=10,308) working in 20 departments.216  Repeated postal questionnaires 
provided exposure data on cumulative FH (1985-88; 1989-90; 1991-93; 1997-99).  Cohort 
participants who responded to hardship questions once or more over the study period 
(n=6,221) showed a similar socio-demographic profile to participants responding at baseline 
(n=6,429) (Appendix F, Table F–1).  Two clinical examinations (1985-88; 1997-99) provided 
adiposity outcome data (n=5,704).  The available sample included participants who had data 
on FH, covariates and anthropometry (range: 3,671—3,701).  All volunteers gave written 
informed consent and the study was approved by the University College London ethics 
committee. 
8.3.2 Measures 
Cumulative FH exposures 
Each of the four postal questionnaires used in this study included two questions on FH: (1) 
frequency of insufficient money to afford adequate food or clothing, and (2) difficulty paying 
bills (see Table 1–2).  Responses ‘always’, ‘often’, and ‘sometimes, or ‘very great’, ‘great’, 
and ‘some’, were combined to construct a binary variable to indicate exposure to FH at each 
time-point.  Dichotomised variables contributed to a 3-level cumulative FH variable, 
comprising a reference group (not exposed at any time-point), occasional hardship (exposed 
at one time-point) and persistent hardship (exposed at ≥2 time-points). 
Adiposity outcomes 
Weight (kg) was measured using standardised protocols in clinical examinations.419  Baseline 
weight was subtracted from follow-up weight to calculate weight change for each 
participant.  Since weight change encompasses gain, loss and no change, excess weight gain 
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was also assessed, using WHO’s threshold of ≥5 kg during adulthood for increased risk in 
chronic conditions.27  Hence individuals were classified as either gaining ≥5 kg, or not, over 
follow-up. 
Covariates 
Covariates included baseline weight, follow-up duration (years), ethnicity (binary), and, for 
overall associations, mid-point age (continuous), current smoker (binary) and 
married/cohabiting (binary).  While commonly not considered in studies of weight-related 
outcomes, marital status is a potential confounder in addition to age and smoking status 
given that all three factors show associations with both economic determinants and 
obesity.393-396 416  Conditioning on SES considered three conventional measures: baseline 
education, and mid-point employment grade (occupational social class) and home-
ownership (all categorical). 
8.3.3 Data analysis 
Overall association between cumulative FH and weight-related outcomes 
Descriptive statistics summarised socio-demographic characteristics and adiposity outcomes 
across levels of cumulative FH.  A correlation coefficient matrix assessed the inter-
relationship of the two FH measures.  The a priori strategy for main analyses was to examine 
gender-specific associations of both types of cumulative FH in relation to subsequent weight 
change or excess weight gain, independent of SES.  Thus, each cumulative FH variable was 
examined separately in linear or logistic regression models using a sex interaction term with 
significant gender difference set at p<0.05.  Resulting coefficients of linear regressions were 
then used for post-estimation of gender-specific adjusted means and CI95.  Analyses 
conditioned on baseline weight, follow-up years, ethnicity, age, current smoking and being 
married (Model A).  Model A also included all three conventional SES indicators (Model B).  
For women only, menopause age was added separately to Model A.  Results are presented 
as adjusted means, or odds ratios, and CI95. 
Sensitivity analyses of independent associations between cumulative FH and adiposity 
excluded baseline weight, or included additional confounders; information from mid-point 
questionnaires on other confounders included: self-rated general health status, depression, 
anxiety, moderate and vigorous physical activity (MVPA) (all categorical), and total energy 
and alcohol intake (both continuous).  Robust variance estimates were computed to test for 
potential clustering by civil service department.  Independent associations with excess 
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weight gain were also re-examined with inclusion of baseline height.  Secondary analyses of 
odds of excess weight gain re-examined Model A using a four-level dose variable (no FH at all 
time-points; FH at any time-point; FH at 2 time-points; FH at ≥3 time-points) and, separately, 
a revised three-level dose variable based on a more stringent threshold for dichotomising FH 
(‘often’ and ‘always’, or ‘great’ and ‘very great’). 
Investigating the potential mediating role of change in lifestyle factors, marital status and 
depression 
Over time, individuals can experience transitions in lifestyle and other social and 
psychological factors that are strongly correlated with both SES and obesity.  This study 
therefore also assessed whether change in lifestyle factors, marital status or depression, 
might constitute a mediator and whether putative mediators then attenuated associations 
between cumulative FH and excess weight gain.  Thus, two categorical indicators of 
cumulative FH were used as the exposure (reference was no history), odds of weight gain as 
the outcome and six change variables as potential mediators.  A series of multiple regression 
models were used to identify the potential for a mediating role for six change variables, 
following a 3-step framework420 as shown in Figure 8–1.  
 
Figure 8–1 Model for investigation of potential mediators of the association between 
cumulative FH and weight gain. 
(a) Financial hardship (FH) would be a significant predictor of excess weight gain; (b) FH is a significant 
predictor of change in lifestyle, marital status or depression, as putative mediators; and, (c) putative 
mediating factor(s) would significantly predict excess weight gain, while conditioning on FH. 
A change variable was calculated for total intake of energy (kcal/d) and alcohol (units/week) 
available from mid-point and follow-up questionnaires.  Baseline and midpoint data on 
MVPA (≥1h/week) were combined to derive a binary indicator at each time-point;283 this was  
then used to construct a change variable with four possible categories 
(persistent/never/initiating/stopping physically active.  Binary variables were derived from 
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baseline and follow-up data on smoking, marital status and depression.  Depression scores 
from the General Health Questionnaire (range 0-12) were dichotomised using a ≥4 cut-point 
following other studies.417  Change variables for smoking behaviour, marital status and 
depression were constructed from dichotomised indicators by defining four categories, for 
example, persistent/never/initiating/stopping smokers. 
In Step 1, the overall association of cumulative FH exposure with excess weight gain 
outcome (path a) was determined for each gender using multivariable logistic regression.  
Step 2 assessed the associations between each FH and each change variable (path b) using 
different regression approaches.  For each change variable that was significantly related to 
the exposure, Step 3 examined the independent relationship with weight gain (path c) using 
multivariable logistic regression conditioning on the exposure (separate models used for 
each FH indicator).  All models were adjusted for baseline weight, follow-up years, age, 
ethnicity, education, occupational status, home-ownership, and, in Steps 2 and 3, gender. 
Analyses of path b used three regression approaches according to the type of dependent 
change variable.  As change in total intake of alcohol (units/week) and energy (kcal/d) were 
continuous dependent variables, multivariable linear regression was used.  Change in marital 
status was retained as a multiple unordered categorical dependent variable, therefore 
multinomial logistic regression was employed with base outcome of persistent married 
(married at baseline and follow-up) for comparison.421  Change variables for smoking status 
and depression were also examined with this approach, but results were similar when the 
putative mediators were simplified as binary dependent variables and thus multivariable 
logistic regression was used to determine FH associations with odds of persistent/initiating 
smoker and depressed (smoker or depressed at both time-points (persistent); never-smoker 
or never-depressed at baseline and smoker or depressed at follow-up (initiating)). 
A change variable that showed significant associations in both path b and path c was 
considered as a potential mediator, and was then included in a multivariable logistic 
regression that re-examined each cumulative FH measure in relation to excess weight gain.  
Subsequent attenuation of association in path a suggested the included change variable had 
a mediating role and would be further analysed for its mediation effects and contributing 
proportions. 
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8.4 Results 
Study follow-up averaged 10.9 years (SD 0.6), with participants averaging 44 years (SD 6) at 
baseline.  The sample comprised nearly 30% women (n=1,042), 8% non-white, and 31% 
educated up to age 16.  Lowest education level differed by gender (27% of men vs. 41% of 
women).  The lowest occupational status comprised 17% of the sample; again, more of the 
women (42%) were in this group than men (6%).  By mid-point, they were generally in good-
to-excellent general health (90%), not depressed (87%), married/cohabiting (78%), and not 
current smokers (87%).  Over the follow-up period, average weight change was 4.3 kg (SD 
5.7) in men and 5.0 kg (SD 7.0) in women.  Excess weight gain (≥5 kg) occurred in 42% of men 
and 46% of women.  The two FH measures were moderately related: frequency of 
insufficient money for food/ clothing shared 31% of its variability with difficulty paying bills 
(r=0.69). 
Nearly one fifth of respondents reported persistently insufficient money for food/clothing 
(16%) or persistent difficulty paying bills (18%).  Table 8–1 below shows that each self-
reported FH measure was closely related to several socio-demographic measures.  Excess 
weight gain was more prevalent among participants reporting persistent hardships 
compared to those reporting no history. 
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Table 8–1 Characteristics of participants in the Whitehall II study across levels of cumulative financial hardship 
 
Mean 
(SD) 
age 
Women Non-
white 
Not 
married 
Lowest 
educationa 
Lowest 
occupational 
statusb 
Renterc Poor/ 
fair 
healthd 
Ever 
smoker 
Depressede Mean (SD) 
weight 
change 
(kg) 
Gain of 
≥5kg 
History of insufficient money for food/clothing (n=3,701)     
None (n=2,361) 50 (6) 28% 5% 21% 29% 11% 5% 7% 47% 10% 4.3 (6) 41% 
Occasional (n=659) 49 (6) 27% 10% 22% 34% 15% 7% 13% 59% 14% 4.5 (6) 44% 
Persistent (n=681) 48 (6) 32% 17% 24% 36% 27% 11% 16% 55% 20% 5.2 (7) 49% 
History of difficulty paying bills (n=3,671)     
None (n=2,509) 50 (6) 29% 6% 22% 30% 12% 5% 7% 47% 10% 4.3 (6) 41% 
Occasional (n=586) 49 (6) 26% 9% 21% 33% 13% 6% 13% 58% 15% 5.1 (6) 47% 
Persistent (n=576) 49 (6) 30% 14% 24% 31% 25% 12% 16% 59% 22% 4.8 (7) 48% 
Measurement time-points were: gender, education, ethnicity (1985-88); age, marital status, smoking status, moderate and vigorous physical activity (MVPA), energy 
intake, self-rated general health, self-reported depression, occupational status, home-ownership (1991-93); and adiposity (1985-1999). aUp to age 16. 
bClerical/support occupational category. cRented accommodation (councils, private and furnished, or private and unfurnished). dSelf-rated general health reported 
on 5-point scale in the General Health Questionnaire (GHQ). eDepression score of ≥4, assessed by the GHQ (range 0—12). fChange calculated by subtracting energy 
intake (kcal/d) available at mid-point from energy intake (kcal/d) at follow-up assessed by FFQ. gBaseline and midpoint questionnaire data on MVPA (≥1h/week) 
were combined to derive a binary indicator at each time-point which was then used to construct a change variable with four possible categories 
(persistent/never/initiating/stopping physically active) 
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Table 8-1 (ctd) 
 
Mean (SD) 
energy intake 
Mean (SD) change 
in energy intakef 
Physically 
active 
Remained 
physically activeg 
History of insufficient money for food/clothing (n=3,701) 
None (n=2,361) 2124 (601) 110 (580) 21% 11% 
Occasional (n=659) 2097 (717) 141 (664) 21% 10% 
Persistent (n=681) 2063 (673) 81 (680) 18% 8% 
History of difficulty paying bills (n=3,671) 
None (n=2,509) 2105 (625) 128 (584) 21% 11% 
Occasional (n=586) 2126 (637) 60 (654) 21% 12% 
Persistent (n=576) 2119 (690) 99 (683) 20% 10% 
Measurement time-points were: gender, education, ethnicity (1985-88); age, marital status, smoking status, 
moderate and vigorous physical activity (MVPA), energy intake, self-rated general health, self-reported 
depression, occupational status, home-ownership (1991-93); and adiposity (1985-1999). aUp to age 16. 
bClerical/support occupational category. cRented accommodation (councils, private and furnished, or private 
and unfurnished). dSelf-rated general health reported on 5-point scale in the General Health Questionnaire 
(GHQ). eDepression score of ≥4, assessed by the GHQ (range 0—12). fChange calculated by subtracting 
energy intake (kcal/d) available at mid-point from energy intake (kcal/d) at follow-up assessed by FFQ. 
gBaseline and midpoint questionnaire data on MVPA (≥1h/week) were combined to derive a binary indicator 
at each time-point which was then used to construct a change variable with four possible categories 
(persistent/never/initiating/stopping physically active). 
8.4.1 Cumulative FH and mean weight change 
Prospective analyses showed a significant association between persistent FH of both types 
and 11-year weight change in women only (Table 8–2, Model A).  Compared to women 
reporting no history of insufficient money for food/clothing for whom weight changed to 
+4.67 kg (4.22—5.12), adjusted mean weight change in women reporting persistently 
insufficient money for food/clothing was significantly greater (+5.85 kg [5.13, 6.57]).  SES 
adjustment strengthened this association to +6.17 kg (5.37, 6.96) (Table 8–2, Model B), and 
revealed a significant linear trend (p=0.025) and difference from men (p=0.048).  Adjusted 
mean weight also changed in women reporting persistent difficulty paying bills (+5.81 kg 
[4.98, 6.64]), even after SES adjustment (+5.79 kg [4.89, 6.68]) (Table 8–2).  
Sensitivity analyses excluding baseline weight or including physical and mental health and 
lifestyle variables did not alter the results (Appendix F, Table F–2), and tended to amplify 
adjusted 11-year mean weight change associated with persistent FH.  Significant associations 
remained after computing robust variance estimates (Appendix F, Table F–3).  Women’s 
menopause age minimally reduced mean weight change across FH levels (range: 0.34—0.95 
kg), but increased differences between the extremes by 0.30 kg.   
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Table 8–2 Adjusted mean weight change in women and men and cumulative FH in the 
Whitehall II study 
 Women 
 Model A Model B: A + SES 
History of insufficient money for food/clothing 
None 4.67 (4.22, 5.12) 4.58 (4.13, 5.03) 
Occasional 5.12 (4.35, 5.89) 5.07 (4.21, 5.93) 
Persistent 5.85 (5.13, 6.57) 6.17 (5.37, 6.96) 
History of great difficulty paying bills 
None 4.71 (4.28, 5.14) 4.65 (4.22, 5.08) 
Occasional 5.20 (4.39, 6.00) 5.64 (4.70, 6.57) 
Persistent 5.81 (4.98, 6.64) 5.79 (4.89, 6.68) 
 Men 
History of insufficient money for food/clothing 
None 4.33 (4.05, 4.62) 4.21 (3.93, 4.50) 
Occasional 4.25 (3.78, 4.73) 4.15 (3.62, 4.68) 
Persistent 4.69 (4.19, 5.19) 4.59 (4.04, 5.14) 
History of great difficulty paying bills 
None 4.27 (3.99, 4.55) 4.20 (3.92, 4.47) 
Occasional 4.60 (4.09, 5.11) 4.68 (4.12, 5.23) 
Persistent 4.33 (3.79, 4.88) 4.23 (3.64, 4.81) 
Gender-specific mean (CI95) weight change (kg) obtained by multivariable linear regression analysis 
adjusting for baseline weight, follow-up years, ethnicity, and midpoint age, current smoker and married 
(Model A), and then also for SES (Model B).. Numbers were: insufficient money for food/clothing (Model A: 
4,025; Model B: 3,701); difficulty paying bills (Model A: 3,923; Model B: 3,671). 
8.4.2 Cumulative FH and excess weight gain 
Compared with no history, women reporting persistently insufficient money for 
food/clothing over 11 years had greater odds of gaining ≥5 kg (1.42 [1.05, 1.92]) (Table 8–3, 
Model A).  The statistically significant association was similar after SES adjustment (1.45 
[1.05, 2.01]) (Table 8–3, Model B).  Persistent difficulty paying bills (reference: no history) 
also increased women’s likelihood of excess weight gain by 42% (1.03, 1.97), but was 
attenuated after SES adjustment (1.39 [0.98, 1.97]). 
Results of sensitivity analyses for excess weight gain showed little change to observed 
associations (Appendix F, Table F–4 through Table F–6).  In secondary analyses of four levels 
of cumulative FH, the odds of excess weight gain was significant in women (1.68 [1.07, 2.64]) 
and men (1.59 [1.18, 2.16]) reporting ≥3 occurrences of FH over follow-up (Appendix F, Table 
F–7).  Furthermore, secondary analyses of the use of a more stringent FH threshold revealed 
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that women and men differed (p=0.048) in the relationship between occasional history of 
insufficient money for food/clothing, and excess weight gain (Appendix F, Table F–8). 
Table 8–3 Odds ratios for 11-year excess weight gain (≥5 kg) and cumulative financial 
hardship in the Whitehall II study 
 Women 
 Model A Model B: A + SES 
History of insufficient money for food/clothing 
None 1.00 1.00 
Occasional 0.95 (0.70, 1.30) 1.01 (0.72, 1.42) 
Persistent 1.42 (1.05, 1.92) 1.45 (1.05, 2.01) 
History of great difficulty paying bills 
None 1.00 1.00 
Occasional 1.12 (0.81, 1.54) 1.26 (0.88, 1.81) 
Persistent 1.42 (1.03, 1.97) 1.39 (0.98, 1.97) 
 Men 
History of insufficient money for food/clothing 
None 1.00 1.00 
Occasional 1.06 (0.87, 1.29) 1.03 (0.83, 1.28) 
Persistent 1.15 (0.94, 1.41) 1.13 (0.91, 1.41) 
History of great difficulty paying bills 
None 1.00 1.00 
Occasional 1.06 (0.86, 1.30) 1.09 (0.88, 1.36) 
Persistent 1.11 (0.90, 1.38) 1.08 (0.86, 1.36) 
Gender-specific odds ratios (CI95) of gaining ≥5kg obtained by multivariable logistic regression analysis 
adjusting for baseline weight, follow-up years, ethnicity, and mid-point age, current smoker and married 
(Model A), and then also for SES (Model B). Numbers were: insufficient money for food/clothing (Model A: 
4,025; Model B: 3,701); difficulty paying bills (Model A: 3,923; Model B: 3,671). 
8.4.3 Investigation of potential mechanisms 
Significant overall associations were found for persistent FH with higher odds of excess 
weight gain (path a), conditioned on SES and key covariates (Table 8–4, Model 1).  Table 8–5 
shows the association between each cumulative FH measure and the six factors as change 
variables that may be potential mechanisms (path b).  As can be seen, cumulative FH was 
significantly associated with only three potential mediators.  Positive associations were 
observed for a person’s history of both types of FH and their odds of being a persistent or 
initiating smoker or depressed.  Similarly, persistent FH was consistently associated with 
stopping being married.  Of the three potential mediators, excess weight gain was 
significantly associated with change in smoking and marital status, but not depression, 
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independent of FH (path c) (Table 8–6).  Specifically, both initiating and stopping smoking 
were significantly independently associated with, respectively, lower and higher odds of 
excess weight gain.  For change in marital status, only the never-married category 
significantly increased the likelihood of excess weight gain when conditioning on history of 
difficulty paying bills. 
Although the two potential mediators were significantly associated with exposure and with 
outcome variables, they did not attenuate the independent associations between 
cumulative FH and excess weight (Table 8–4, Models 2 to 4).  Rather, as Model 3 shows, 
change in marital status strengthened associations of both types of persistent FH, and 
revealed a significant association between persistent difficulty paying bills and higher odds 
of gaining ≥5 kg (1.44 [1.01, 2.06]). 
Table 8–4 Potential mechanisms of the independent FH-weight gain relationship among 
women in the Whitehall II study 
 Model 1 (path a) Model 2: 1 + change in 
being a current smoker 
Model 3: 1 + change in 
being married 
Model 4: 1 + change 
in both factors 
History of insufficient money for food/clothing 
None 1.00 1.00 1.00 1.00 
Occasional 1.01 (0.72, 1.42) 1.03 (0.73, 1.45) 0.98 (0.69, 1.39) 0.99 (0.70, 1.41) 
Persistent 1.43 (1.04, 1.96) 1.45 (1.05, 2.00) 1.54 (1.11, 2.14) 1.58 (1.13, 2.20) 
History of difficulty paying bills 
None 1.00 1.00 1.00 1.00 
Occasional 1.26 (0.89, 1.78) 1.25 (0.88, 1.79) 1.30 (0.90, 1.87) 1.31 (0.90, 1.90) 
Persistent 1.37 (0.97, 1.93) 1.40 (0.99, 1.99) 1.44 (1.01, 2.06) 1.49 (1.03, 2.14) 
Gender-specific odds ratios (CI95) of gaining ≥5kg obtained by multivariable logistic regression analysis 
adjusting for baseline weight, follow-up, ethnicity, and mid-point age, education, occupational status and 
home-ownership (Model 1). Numbers were: insufficient money for food/clothing (Model 1: 3,778; Model 2: 
3,735; Model 3: 3,604; Model 4: 3,577); difficulty paying bills (Model 1: 3,735; Model 2: 3,694; Model 3: 
3,568; Model 4: 3,539). 
 
Cumulative financial hardship, excess weight gain and potential mediators Chapter 8 
135 
Table 8–5 Multivariable regression with potential mediators as dependent variables and 
cumulative FH as independent variable (path b) 
 History of frequently insufficient money 
for food/clothinga History of difficulty paying bills
a 
 Occasional Persistent Occasional Persistent 
POTENTIAL MEDIATORS 
Change in lifestyle 
Odds of persistent/ 
initiating smoker 1.46 (p=0.002) 1.45 (p=0.003) 1.59 (p<0.001) 1.76 (p<0.001) 
Change in lifestyle 
Odds of persistent/ 
initiating MVPAb 1.02 (p=0.827) 0.99 (p=0.957) 1.00 (p=0.986) 0.97 (p=0.804) 
Change in lifestyle 
Difference in alcohol 
intakec -0.33 (p=0.471) -0.25 (p=0.607) 0.32 (p=0.504) 0.35 (p=0.497) 
Change in lifestyle 
Difference in energy 
intakec 
28.75 (p=0.262) -15.69 (p=0.558) -23.85 (p=0.370) -17.04 (p=0.546) 
Change in marital status 
Persistent married (base outcome) (base outcome) (base outcome) (base outcome) 
Never-married 0.01 (p=0.951) -0.19 (p=0.12) -0.14 (p=0.28) -0.22 (p=0.085) 
Initiating married 0.26 (p=0.142) -0.07 (p=0.97) 0.22 (p=0.217) -0.24 (p=0.258) 
Stopping married 0.47 (p=0.008) 0.66 (p<0.001) 0.28 (p=0.14) 0.46 (p=0.009) 
Change in depression 
Odds of persistent/ 
initiating depressed 1.35 (p=0.014) 2.45 (p<0.001) 1.53 (p<0.001) 2.20 (p<0.001) 
Multivariable logistic regression assessed associations between FH and change in smoking status or 
depressed as binary dependent variables (reported coefficients are exponentiated). Multivariable linear 
regression assessed associations between FH and difference in total intake of alcohol (units/week) or energy 
(kcal/d) as continuous dependent variables (reported as β-coefficients). Multinomial logistic regression 
assessed association between FH and change in marital status as a multiple unordered categorical 
dependent variable (reported β-coefficients are unexponentiated). All models adjusted for gender, baseline 
weight, follow-up years, age, ethnicity, and SES (education, occupational status and home-ownership). 
aReference category was no FH reported at any of four time-points over 11 years. bMVPA, moderate and 
vigorous physical activity (≥1h/week leisure exercise). cDifference between study midpoint and follow-up 
also adjusted for midpoint intake. Bold values represent significant association. 
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Table 8–6 Multivariable logistic regression with excess weight gain as dependent variables 
and potential mediators as independent variables, conditioning on cumulative FH 
exposure (path c) 
 Odds of excess weight gain (≥5kg) 
 Controlling for history of frequently 
insufficient money for food/clothing 
Controlling for history of difficulty 
paying bills 
POTENTIAL MEDIATORS   
Change in smoking n=3,735 n=3,694 
Never-smoker 1.00 1.00 
Persistent smoker 0.90 (p=0.404) 0.92 (p=0.485) 
Initiating smoker 0.48 (p=0.015) 0.50 (p=0.021) 
Stopping smoker 2.13 (p<0.001) 2.09 (p<0.001) 
Change in marital status n=3,604 n=3,568 
Persistent married 1.00 1.00 
Never-married 1.22 (p=0.055) 1.27 (p=0.020) 
Initiating married 0.90 (p=0.533) 0.90 (p=0.523) 
Stopping married 0.87 (p=0.409) 0.85 (p=0.337) 
Change in depression n=3,672 n=3,634 
Never-depressed 1.00 1.00 
Persistent depressed 1.03 (p=0.862) 1.07 (p=0.679) 
Initiating depressed 0.86 (p=0.251) 0.83 (p=0.164) 
Stopping depressed 1.12 (p=0.415) 1.15 (p=0.292) 
Multivariable logistic regression models adjusted for gender, baseline weight, follow-up years, age, 
ethnicity, and SES (education, occupational status and home-ownership). Bold values represent 
significant associations. 
8.5 Discussion 
8.5.1 Synopsis of results 
This prospective study found gender differences in the vulnerability to long-term weight 
change from cumulative experience of FH.  Associations were significant in women, 
independent of conventional SES indicators.  Specifically, women reporting persistently 
insufficient money for food/clothing gained 1.59 kg more than women with no history of this 
hardship, over approximately 11 years.  Similarly, women experiencing persistent difficulty 
paying bills gained 1.14 kg more than those reporting no such hardship.  Moreover, women 
reporting persistently insufficient money for food/clothing had a 45% greater likelihood of 
excess weight gain compared to those without hardship, independent of education, 
occupational status and home-ownership.  Persistent difficulty paying bills also increased the 
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odds of long-term excess weight gain for women.  Mediation analyses of six variables 
showed change in smoking and marital status were potential mechanisms, yet the 
independent associations of cumulative FH with excess weight gain were not attenuated. 
8.5.2 Methodological considerations 
The FH variables were self-reported and thus may be subject to reporting bias. 
Interpretation of the meaning of FH can also vary widely across the population; equivalent 
levels of financial strain can be perceived and experienced as a normative status of daily 
living for some groups but as deprivation for others.282  Precedent exists, however, for the 
measures used here as findings of independent associations are consistent with studies of 
other outcomes in this cohort.283 284 387  Misclassification of exposures from reporting bias 
would be non-differential since it was unlikely related to measured weight and hence would 
have biased results towards the null.  Another source of bias is non-response from those in 
lower occupational class who are more likely to experience FH and have excess weight. 
Furthermore, this cohort is largely comprised of employed adults in the British civil service 
which potentially limits generalisability of findings, although similar associations are 
observed in a population-based UK cohort.304  Findings may also be subject to residual 
confounding from income, which was collected after our study period.  However, income is 
inconsistently associated with either weight gain177 or weight status among adults.398  
Moreover, participants covered multiple employment grades (which had wide-ranging salary 
bands),216 and these grades were included with education and home-ownership to account 
for different forms of a person’s economic conditions.  Finally, imprecise measurement of 
self-reported potential mechanisms may have introduced bias that would either attenuate 
or inflate observed associations,283 422 and thus might partly explain the amplified odds of 
excess weight gain from including potential mediators. 
There are many strengths of this study: namely, longitudinal design with a sufficient interval 
to assess change, gender-specific analyses, measured weight, and adjustment for multiple 
SES indicators and other known confounders of adiposity.405  In addition, this work is novel in 
three important ways.  First, it examined separate FH measures which provided unique 
information on how different types of this economic domain might be associated with 
adiposity,288 thus pointing to targets for intervention.  Since different types of FH can arise 
for diverse reasons with differential impact on body weight, the study clearly added depth to 
previous studies which combine hardship questions into a single indicator.115 208 283 301 302 354 
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381 387 388  Second, this prospective study is the first to bring a gender perspective which is 
critically lacking from work in this area.  It is necessary to uncover whether and how women 
and men might differ in which types of cumulative FH are associated with different adiposity 
outcomes, given women’s greater exposure to, and strength of impact from, economic 
disadvantages.127 206 297 350  And third, it is also the first explore potential mechanisms 
underlying independent gender-specific associations of hardship and weight gain, including 
social and psychological factors that were previously identified as needing further 
investigation.73 75 177 
8.5.3 Relationship to previous work 
That FH showed independent associations with weight-related outcomes is consistent with 
previous work that is predominantly cross-sectional.241 283 301-304 381  Independent associations 
between current economic difficulties and odds of gaining ≥5 kg in self-reported weight 
were observed in middle-aged female employees in Finland (OR range 1.50—1.70), but 
cumulative exposure was not measured, and living arrangement and key lifestyle factors 
related to adiposity not considered.302  Prolonged FH over 1 year was examined in the 
Australian population and found to increase the risk of subsequent measured obesity by 
20%, independent of income or education, and to be stronger than the relationship between 
income and obesity.381  More broadly, cumulative exposure to financial stress had a dose-
response effect on several health outcomes in Swedish women, but was less consistently 
related to men’s outcomes.352  Similarly, more years in poverty (a ratio of income-to-
theoretical needs) monotonically reduced self-rated health in US adults,198 and income-
based measures of sustained hardship had a strong graded effect on depression and some 
other outcomes in older Americans women and men.389 
Some previous work suggests independent associations of FH with weight are stronger in 
men,301 302 but this study found greater associations in women for both hardship types, 
particularly persistent insufficient money to afford adequate food/clothing.  These gender-
specific findings are consistent with a wider body of evidence: difficulty paying bills was 
associated with obesity in female but not male youth;303 food insecurity increased the odds 
of 1-year weight gain for women only;423 and women report higher impact and slower 
adaptation to adverse life events (e.g. job loss) associated with weight.74 222  However, the 
pattern of gender differences in the relationship between FH and obesity among British 
older adults can depend on which FH type or anthropometric outcomes is studied.  In British 
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older adults, the independent odds of general and central obesity in women, and general 
obesity in men, was highest for often/always difficulty paying bills; but the independent 
odds of central obesity in men was highest for having less than enough money for needs.304  
Over-50s in this occupational cohort were also examined in supplementary cross-sectional 
analyses, with similar close inter-relationships between the two measures of self-reported 
FH and other socio-demographic measures (Appendix F, Table F–9).  Supplementary analyses 
showed a similar pattern and strength of independent associations between both FH and 
obesity measures in older civil servants (Appendix F, Table F–10 and Table F–11); except the 
independent odds of central obesity in men was strongest for greatest difficulty paying bills. 
Although mediators of the SES-obesity association were examined in some studies,183 185 366 
the present study is the first to my knowledge to explore potential mechanisms of the FH-
adiposity relationship and to go beyond lifestyle factors.  The examination of changes in 
marital status and depression revealed that, although FH was strongly associated with 
remaining or becoming depressed, change in depression was not associated with odds of 
excess weight gain.  The latter may be explained by the fact that the depression-obesity 
relationship is known to be bidirectional.418  Other prospective work also showed depressive 
symptoms were associated with subsequent unemployment,424 and material hardship such 
as difficulty paying bills was strongly associated with depression, more so than income.276 383  
It is therefore unsurprising to find significant associations between cumulative FH and odds 
of remaining or becoming depressed (path b). 
Among the six factors analysed, only change in smoking and marital status met all mediation 
criteria, and yet neither showed the expected attenuation of the relationship between 
cumulative FH and excess weight gain.  Lack of attenuation from including change in smoking 
status may be because of the long follow-up period during which an individual may have 
undergone several changes in smoking status that the change variable would likely have 
missed.  Change in marital status notably strengthened associations and there are several 
possible reasons for this finding.  First, the exposure-mediator relationship was weak and 
showed inverse associations except for one category (leaving marriage) which was strongly 
and positively associated with increasing history of FH.  Second, like depression, it is 
conceptually possible that change in marital status has a bidirectional association with FH, 
with change in marital status potentially preceding FH.  FH may be a consequence of 
remaining or becoming non-married since being married provides practical economic 
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resources and also confers social resources through the strong socio-political value 
attributed to married status.  Finally, the mediator was not constructed to capture multiple 
transitions of marital status that might occur over ten years. 
Since lifestyle, social or psychological factors did not appear to explain the relationship 
between cumulative FH and excess weight gain, it may be that prolonged financial worries 
led to unhealthy adiposity through biological mechanisms related to stress and inadequate 
sleep.  Both chronic stress and insufficient sleep have independent associations with 
obesity.72 411-413  Objective indicators of stress and sleep patterns should be accounted for in 
future studies so as to examine physiological mechanisms of influence between FH and long-
term weight gain.  Meanwhile, prevention of excess weight gain would benefit from greater 
attention to employed women’s experiences of different types and amounts of FH, separate 
from their education, occupational status and wealth.  Strategies might focus on helping 
their management of money and budgets,381 and on improving reach of existing financial 
assistance programs.309 
8.6 Conclusion 
To conclude, employed British women reporting persistently insufficient money for food or 
clothing were more likely to gain ≥5 kg over 11 years, independent of SES.  Lifestyle factors, 
social and psychological factors did not appear to explain the independent relationship of 
cumulative FH and excess weight gain.  Results suggested that public health policy and 
practice standards in obesity prevention or management need to consider more than SES 
and address in particular women’s greater experiences of, and sensitivity to, prolonged 
financial concerns. 
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CHAPTER 9 Summary, interpretation and future 
directions 
This dissertation presented a series of studies that examined multiple factors describing an 
individual’s economic and social conditions in relation to diet quality and weight-related 
outcomes, with a particular focus on older adults and differences between women and men. 
It had the key aim of better understanding how the complex reality of a person’s life 
circumstances influences key risk factors for chronic diseases.  It also sought to address the 
identified need for unpacking the relative importance and inter-relations of diverse drivers 
of diet quality or obesity that underpin variation between people who occupy uniquely 
differentiated social categories.  It gave specific attention to indicators representing more 
everyday economic strains and material conditions and thus analysed at least two separate 
types of FH in the studies of potentially relevant economic determinants.  The main findings 
of the different studies in this dissertation are summarised below (section 9.1), as are key 
methodological concerns (9.2).  Results are then interpreted against my conceptual 
framework (9.3), and their implications for future work in public health research practice are 
considered in turn (9.4). 
9.1 Main findings and key conclusions 
Moderate to large gradients by multiple economic conditions were observed for older British 
women and men in two prominent risk factors for chronic conditions.  Those with lower SES 
or greater FH reported lower FV variety (i.e. they ate fewer different fruit and/or vegetable 
items), and were more likely to be centrally and generally obese.  Magnitudes of association 
between SES and diet quality were stronger than between FH and diet quality, however the 
reverse was observed in relation to obesity in cross-sectional studies.  Investigation of three 
different types of FH revealed that each played a significant role in diet quality and obesity, 
independent of SES (education, occupational social class and home-ownership).  The role of 
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six factors describing a person’s economic conditions, moreover, differed significantly 
between women and men, with gender-specific patterns and strengths of associations 
depending on the specific exposures and outcomes investigated.  Gender differences were 
also evident in the independent association between cumulative FH and long-term excess 
weight gain that was significant only in women civil servants. 
In addition, different structural aspects of older people’s social conditions showed gender-
specific associations with fruit variety or vegetable variety, with men generally faring worse 
than women in the relationship of marital status, living arrangement or social isolation with 
variety.  Inter-relations between different social relationships showed clear synergy of action 
on diet quality, as measured by FV variety.  When multiple economic disadvantages were 
examined in combination with disadvantage in different social relationships, much lower 
variety scores were observed than were seen when only economic or social disadvantage 
was examined; again, dual disadvantages indicated that men fared worse than women.  
Many differences between women and men in the variety of FV intake were significant for 
associations of different economic conditions, social relationships, or their combinations.  
Notably, the double burden of economic and social disadvantages was more strongly 
associated with lower FV variety than the combinations of two social ties. 
An overview of each study’s objectives, main findings and key conclusions is provided at the 
end of this section in Table 9–1. 
9.1.1 Specificity in indicators for common exposures and outcomes 
Among the multiple economic exposures studied in Chapter 3, Chapter 5 and Chapter 7, 
results suggested that the magnitude of associations and strength of gradients, of SES or FH 
differed between various indicators, and also between genders.  For fruit variety, economic 
differences were largest for difficulty paying bills in older women and for occupational social 
class in older men.  For vegetable variety, larger differences in social class were observed for 
both genders compared to five other economic exposures.  For general obesity, economic 
differences were largest for having enough money for needs in older women and for 
difficulty paying bills in older men; for central obesity, both factors showed the largest 
differences but reversed between the genders, compared to all other economic factors 
(Figure 9–1). 
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Figure 9–1 Illustration of specific economic exposures most strongly graded in specific 
outcomes in older women and men in the EPIC-Norfolk study 
With regard to different social relationships examined in Chapter 4, again magnitudes of 
associations were stronger for different outcomes depending on the measures used.  Thus, 
in both older women and men, unit differences in fruit variety were greatest for the most 
infrequent friend contact, but in vegetable variety for single status (Figure 9–2). 
 
Figure 9–2 Illustration of specific social exposures most strongly associated with specific 
outcomes in older women and men in the EPIC-Norfolk study 
As revealed in Chapter 5, when economic and social disadvantages were considered 
together, a different set of factors were most strongly associated with fruit variety and 
vegetable variety.  Fruit variety in older women was lowest for the combination of renting 
and infrequent friend contact; whereas in older men, differences in fruit variety were largest 
for the dual disadvantage of low social class and non-married.  By contrast, larger differences 
in vegetable variety in women were found for insufficiency of money to afford food/clothing 
combined with non-married status; but again in men, differences in vegetable variety were 
greatest for the combination of low social class and non-married (Figure 9–3). 
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Figure 9–3 Illustration of specific combinations of economic and social disadvantages most 
strongly associated with specific outcomes in older women and men in the EPIC-
Norfolk study 
In conclusion, everyday financial troubles constituted a unique economic influence on diet 
quality and obesity in older adults, and the influence of a given economic or social factor on 
diet quality was modified when another social factor was also considered.  Different aspects 
of economic or social circumstances, and their unique combinations, must be considered 
explicitly in future public health research and practice as each reflected a distinct process of 
social differentiation and hence added to our understanding of contextual influences on 
chronic disease risk factors. 
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Table 9–1 Overview of chapter objectives, main findings and key conclusions 
Chapter objective Main findings Key conclusions 
To review evidence on 
economic determinants 
of diet in older adults 
(Chapter 2) 
Nine prospective studies were included as eligible and generally had moderate study quality. The 
majority focused on retirement from work with mixed impact on food spending and/or food intake. 
Some observed subgroup differences, especially between women and men. 
Evidence on economic determinants is still scarce and limited to 
studies of retirement from employment as the determinant of interest. 
Studies which suggest divergent effects in older people. Robust high-
quality longitudinal studies to decipher economic drivers of diet are 
needed before firm conclusions can be made. 
To examine associations 
of multiple economic 
factors with variety and 
quantity of fruit and/or 
vegetable intake in older 
British adults (Chapter 3) 
Differences by SES or novel FH measures were not consistently observed for quantity of fruits 
and/or vegetables consumed. However, lower variety was significantly associated with lower 
education, social class or wealth. Gradients by SES indicators were stronger in men: mean 
vegetable variety differed between top and bottom social classes by 2.9 items/m for men but 2.5 for 
women. Gradients by FH were also seen for variety and were stronger in women for fruits and in 
men for vegetables. Women reporting greatest difficulty paying bills ate 1.2 fewer different fruits a 
month than those able to pay bills (the difference in men was 0.5 fruits/m); while men reporting 
greatest difficulty paying bills ate 2.0 fewer different vegetables a month compared to those without 
difficulty (the difference in women was 1.1 items/m). Inverse associations of FH with variety 
remained significant after conditioning on SES, and vice versa. 
British over-50s who reported greater economic disadvantage, 
including everyday financial troubles, consistently consumed fewer 
different fruits and/or vegetables, but not lower amounts. Further 
nutritional understanding of variety’s protective effects and underlying 
mechanisms is needed to address social inequalities and gender 
differences between fruit and vegetable variety. Dietary guidance 
should separately emphasise variety, and interventions should also 
address financial barriers to older adults’ consumption of diverse FV. 
To assess which 
structural aspects of 
social relationships most 
affect FV variety and 
social relationships 
interact to produce a 
combined effect on 
healthful eating 
behaviours in older 
women and men 
(Chapter 4) 
Negative associations of non-partnered or lone-living persons and fruit variety were stronger in men 
than women, compared to partnered or in shared-living. Women and men differed in the negative 
association of widowhood with vegetable variety (women: Beta= −0.79, p<0.001; men: Beta= −2.17, 
p<0.001), similarly regarding lone-living and vegetable variety (women: Beta= −0.66, p<0.001; men: 
Beta= −1.46, p<0.001). Decreasing friend contact was negatively associated with variety of fruits 
and vegetables in a graded trend for women but was stronger in men. Family contact appeared to 
have no association with vegetable variety in men while variety scores in women were initially 
positive but then lower as contact decreased. Interaction models including both genders revealed 
the most striking results. For example, the negative association of lone-living with vegetable variety 
was significantly different (p=0.007) between infrequent friend contact (Beta= −1.62; P<0.001) and 
frequent contact (Beta= −0.80; P<0.001). 
Marital status, living arrangement or friend contact influence variety 
scores more for men than women. Different social ties interacted to 
produce unique synergistic effects on healthful dietary behaviours. 
Results highlight the importance of considering living arrangement 
and frequency of social contact when assessing whether widowed or 
single older adults are most at risk of lower fruit and vegetable 
variety.  
To examine the inter-
relations of economic and 
social disadvantages on 
fruit variety and 
vegetable variety in older 
British adults (Chapter 5) 
Inverse associations between each of three SES indicators and variety were seen, independent of 
social relationships. Independent associations for three FH measures were consistently observed for 
fruit variety in women only. Independent of six economic factors, all social relationships were 
inversely associated with both variety outcomes in men and vegetable variety in women; only friend 
contact was significant for women’s fruit variety. All combinations of economic and social 
disadvantages aggravated negative associations with variety. Greatest amplification of unit 
differences were seen for vegetable variety in non-married men of low social class (β -4.11, [-4.83, -
3.38]), and non-married women reporting insufficient money for food/clothing (β -2.83, [-3.83, -1.84]). 
Older British adults experiencing economic disadvantage ate fewer 
different fruits or vegetables. Older women and men without social 
relationships also ate fewer different vegetables, but the role of 
various social relationships in fruit variety differed by gender. More 
importantly, the double burden of economic and social disadvantages 
suggests they are potentially joint determinants of low variety in older 
British adults. Healthy ageing strategies to promote healthful eating 
require simultaneous improvements in the economic and social 
Summary, interpretation and future directions Chapter 9 
146 
Chapter objective Main findings Key conclusions 
Strong gender differences were seen for many independent, and interaction, associations. conditions of older adults who are most vulnerable to less FV variety. 
To briefly summarise 
literature on known 
economic determinants 
of obesity and weight 
gain, particularly in older 
adults (Chapter 6) 
Several literature reviews indicate a range of diverse factors describing economic conditions are 
strongly associated cross-sectionally with obesity and prospectively with weight gain.  As an 
important risk factor for chronic conditions, the majority of weight-related studies examine economic 
differences using conventional measures of SES, and some also show how gradients by SES differ 
between women and men. Literature on other forms of economic disadvantage as potential 
determinants of obesity, including everyday financial troubles, is more limited and rarely focuses on 
older populations, or explicitly considers gender. 
To date, examination of separate hardships is still rare in studies of 
obesity, with scarce focus on older adults.  Consequently, evidence 
remains limited regarding the role of different FH types in obesity as 
unique economic determinants among older adults who comprise a 
growing population.  And, more critically, knowledge is limited as to 
whether, and to what extent, women and men differ in which types of 
FH are more strongly associated with obesity both in cross-section 
and over time. 
To examine three types 
of financial hardship (FH) 
in relation to measured 
general and central 
obesity in a general 
population of older 
adults, while considering 
conventional 
socioeconomic indicators 
(Chapter 7) 
Obesity prevalence was consistently patterned by standard SES indicators, with over-50s in the 
lowest social class being twice as likely to be obese than those in the highest class (women: 2.10 
[CI95: 1.41—3.13]; men: 2.36 [1.44—3.87]). After SES adjustment, reporting having less than 
enough money for one’s needs (compared to more than enough) was associated with obesity in 
women (2.04 [1.54—2.69]) and men (1.83 [1.34—2.49]). Similar associations were demonstrated 
between obesity and always or often insufficient money for food/clothing (women: 1.40 [1.03—1.90]; 
men: 1.81 [1.28—2.56]), compared to reporting this never occurred. The strongest independent 
associations were seen for obesity and reported greatest level of difficulty paying bills (women: 2.20 
[1.37—3.55]; men: 2.40 [1.38—4.17]), compared to having no difficulties. Findings for central obesity 
were slightly higher in women and lower in men. 
General and central obesity in British over-50s was more likely in 
those reporting greater levels of FH, even after considering 
education, social class and home ownership. Public health policies 
need to consider the hitherto neglected role of FH in older people, 
especially difficulty paying bills, as part of strategies to prevent or 
reduce obesity. 
To ascertain 
prospectively the 
independent relationship 
between types and 
amounts of FH and 
weight gain, and assess 
the role of six factors as 
potential mechanisms 
(Chapter 8) 
Two types of persistent FH were strongly associated with adjusted mean weight change over 10.9 
years in women only. During follow-up, 46% of women gained ≥5 kg. Women reporting persistently 
insufficient money for food/clothing had a significantly greater odds of gaining excess weight (1.42 
[1.05, 1.92]) compared to the reference group, which remained after SES adjustment (1.45 [1.05, 
2.01]). The association between persistent difficulty paying bills and odds of excess weight gain was 
also significant (1.42 [1.03, 1.97]) but attenuated after considering SES (1.39 [0.98, 1.97]). Of six 
factors, two fulfilled criteria for potential mediators (change in smoking status and marital status), but 
did not attenuate associations. 
Female British employees reporting persistent insufficient money for 
food/clothing over 11 years had a 45% greater likelihood of excess 
weight gain compared to those without hardship, independent of 
three conventional SES indicators. The relationship was not 
mediated by lifestyle factors, marital status or depression. Results 
suggested strategies to tackle obesity must address employed 
women's everyday financial troubles, especially affording 
food/clothing, which may influence weight through more biological 
pathways than classical correlates of economic conditions and 
weight. 
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9.2 Methodological issues 
This section considers a number of methodological issues common to the studies contained 
in this dissertation: namely, limitations of cross-sectional study design, bias of self-reported 
measures, and limits of generalisability. 
The last two empirical studies in this dissertation used outcomes based on clinically 
measured anthropometry (weight, height and WC) which was a key strength of those 
investigations.  But, levels of body weight and any changes in older adults present a paradox 
for health that is controversial in the literature, as noted in the Introduction (1.2.2).  The 
detriment to health from excess weight gain defined by WHO’s threshold may depend on 
the individuals’ starting weight.  Moreover, initial weight was found to interact with 
economic stressors to modify their associations with subsequent weight change. 74 425  In the 
Whitehall II study, differential effects of job stress were found, with overweight or obese 
gaining weight at 5-year follow-up but lean individual losing weight.425  Thus, findings of 
cumulative FH and subsequent excess weight gain in Chapter 8 may apply only to women 
who already had a higher weight.  Although analyses included baseline weight as a covariate, 
they did not explicitly examine possible effect modification.  Another methodological 
consideration for the study in Chapter 8 is fluctuations in weight over a long period may be 
more consequential for health than an overall increase of 5 kg in adults at the end of the 
working life and beyond, but weight fluctuations were not ascertained in analyses of 11-year 
weight gain. 
9.2.1 Cross-sectional analyses 
The majority of studies in this dissertation were cross-sectional in design which prohibits any 
conclusions about causal relationships.  Although cross-sectional analyses cannot indicate 
the direction of associations, they are informative nevertheless insofar as they can indicate 
potentially relevant relationships and generate hypotheses for prospective examination.  
While reverse causality is possible in the cross-sectional studies, information on economic 
and/or social exposures was assessed by surveys undertaken before the outcomes measured 
at the second clinical assessment, averaging at least 18 months.  Studies also included a 
number of relatively time-invariant exposures, particularly education and social class, for 
which strong gradients were observed in the cross-sectional studies of both diet quality and 
obesity.  Gender as a fundamental principle of social organisation is also likely to be a stable 
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variable in cross-sectional analyses of differences between women and men in the economic 
or social exposures studied.  Furthermore, the many longitudinal studies of similar 
exposures, including in the EPIC-Norfolk cohort,177 302 336 337 366 381 426 provide more support 
overall for causation rather than selection processes related to the exposures and outcomes 
studied in this dissertation. 
Nevertheless, findings could be affected by residual confounding from income that was 
unmeasured, as previously discussed in sections 3.5.2, 4.5.2, 5.5.2 and 7.5.2.  There may be 
other possible contextual and personal factors that could be associated with the exposures 
and outcomes.85 86 89 92 99 165  For example, personality and cognitive ability may be associated 
with various economic and social exposures (e.g. eligibility for, and interest in, higher 
education) and also with maintaining a healthful weight status, or consuming greater variety 
of FV.  Standard health behavioural models emphasise causal relationships of individual 
cognitive factors of attitude, locus of control and intention, with lifestyle factors such as 
diet.92  Such models suggest that greater variety was more likely among individuals who had 
a positive attitude towards liking new types of food; psychological attributes that were not 
explored in this dissertation.  Culture is a another broad factor encompassing traditional 
practices as well as norms and values associated with, for example, gender, age, language, 
and country of origin, that will be related to dietary intake and body weight, and also to 
economic and social exposures.  Culture deserves further investigation as it was an 
unobserved factor that could alter findings in this dissertation. 
9.2.2 Reporting bias, potential misclassification and measurement error 
All exposures and dietary outcomes used in this dissertation were self-reported in surveys by 
participants.  Although self-reported measures are generally more common in large 
epidemiological studies as they are easier to obtain than objective assessments, they have 
known limitations of multiple forms of reporting bias, such as social desirability, same-
source, or recall bias.  These issues are discussed for the exposures and then for diet. 
Self-reported exposure data 
Social desirability bias may have affected variability in the exposures examined.  Social 
desirability favouring variety, or normal body weight, may be associated with higher SES, less 
FH, or more social ties, and thus falsely increased variety, or reduced obesity, in more 
advantaged groups in the sample.  Thus, true differences may be less than currently 
observed.  In my longitudinal study of Whitehall II, another source of bias is non-response 
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from those in lower occupational class who were perhaps more likely to experience FH and 
also gain excess weight. 
Same-source bias could also influence participants’ responses to FH questions about their 
economic conditions, either positive or negative.  It is possible that self-reported FH was 
systematically influenced by an overall view of life, with greater FH reported by lower SES 
groups who are known to have more pessimism, negative affect and depressed feelings.99  It 
is also known that some groups of older adults interpret the meaning of FH as a normative 
status of daily living while others perceive FH as deprivation.282  Same-source bias may 
therefore have resulted in an overestimation of differences by FH in the outcomes. 
However, as reviewed in section 6.2 in this dissertation, there is a strong evidence base for 
the use of self-reported FH measures as numerous studies showed differences by FH in the 
health of older adults and civil servants that were independent of other economic resources 
such as education and income.209 282 283 301 304 384 385 387  Some studies also suggested that a 
person’s subjective report of their financial situation was a stronger predictor of a mixed 
diet, including fruit variety, than objective levels of economic resources.126-128 351  Other work 
has shown that differences by FH occurred even among high-income groups and that 
variation in FH was constant across income categories.279 351 
Self-reported FH measures have the methodological advantage of measuring individuals’ 
subjective perceptions of their financial situation as an overall reflection that takes into 
account their other economic resources.382  This would therefore suggest that FH questions 
are closer than conventional SES indicators to each person’s internal processes of 
deliberation over competing interests and negotiation of multiple values.  As such, FH 
measures may be the best information available to use in epidemiological studies of 
economic determinants of diet or obesity.  Furthermore, several different types of FH were 
examined separately and using as many possible categories, in addition to multiple SES 
indicators, which is recommended for understanding variation across the full spectrum of 
uniquely differentiated social groups.179 
Reporting bias in FH or SES indicators could result in misclassification of exposures.  
Women’s occupational social class may also be misclassified due to the fact that social class 
of women in the sample was generally assigned based on their husband’s occupation rather 
than their own.  This might explain unexpected and contradictory findings that conventional 
SES indicators, particularly social class, were less strongly associated with women’s diets or 
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BMI than men’s in the EPIC-Norfolk study.  Nevertheless, a spouse’s, and not one’s own, 
social class may be independently associated with diet quality, at least among married 
women in British civil service.391  Furthermore, an investigation of social class in women in 
the EPIC-Norfolk study indicated there was little difference between using personal or 
partner’s occupation for predicting survival.427 
There may also be misclassification of exposures stemming from changes to participants’ 
level of economic or social resources in the interval between surveys.  Despite using 
measurements of economic and social exposures that preceded those for diet or obesity, the 
durations of, and transitions in, exposures could not be ascertained in the EPIC-Norfolk 
study.  However, since any errors in misclassification from changes in exposures would be 
unlikely related to the outcomes, they would be non-differential and hence would have 
biased results towards the null. 
Finally, another important source of bias may stem from errors in measuring the exposure 
variables and/or the confounders examined in this dissertation.  Apart from possible error in 
the variables of self-reported exposures (and confounders) that, as described above, may be 
due to participant’s inability to accurately recall the factor in question and/or to a tendency 
to over-/under-estimate the quantity being questioned, some errors could be technical as a 
result of imperfect measurement instruments and fluctuations over time.  Variables for 
exposures and confounders, however, were reported in questionnaires that followed 
standard survey design principles.224  Nevertheless, measurement error in exposures could 
distort estimates of their relationship with outcomes studied, while error in confounders 
could result in imperfect adjustment and also lead to biased estimates of the associations. 
Self-reported outcome data 
Another source of potential bias is differential recall of dietary intake.  For example, older 
ages or lack of food preparation involvement may lead to under-reporting of the full range of 
items consumed.  Lower education and social class of widows, or stress from recent 
bereavement, may affect reported variety.  Bias in diet recall, however, was found to be 
unrelated to age, with errors occurring more in relation to education and income.334  All 
dietary analyses in this dissertation adjusted for at least education and social class which 
would partly account for bias on observed estimates from some SES differences in diet 
recall. 
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There are known biases and limitations to the FFQ instrument that create error in dietary 
measurement.  The FFQ poorly measures absolute intakes in a person’s diet; is subject to 
misreporting by weight status; and, is unresponsive to a dynamic and prospective approach 
to understanding disease outcomes.230  Unlike 24-hour recall or diet record/diary methods of 
measurement, the FFQ in EPIC-Norfolk was neither a snapshot in time nor idiosyncratic to an 
individual as it measured a person’s usual diet over a year.  Thus, it may be the better 
assessment method from which to derive FV variety scores since it covers a timeframe 
sufficient for most people to exhaust their food repertoire.64   Moreover, questions about 
the contextual influences on diet require ascertaining a person’s usual intake of foods 
and/or beverages.  Diet data assessed by FFQ was arguably most suitable to this dissertation 
as it aimed to examine the influence of different facets of an older person’s life 
circumstances on healthful eating behaviours.  Furthermore, the FFQ instrument is 
considered the most conceptually intuitive of dietary measurements,230 and may make the 
instrument most salient for older people to describe their food intake which was the focus of 
this dissertation. 
Nevertheless, the close-ended nature of the FFQ, with a pre-specified number of fruit and 
vegetable items, may be a limitation and could under-estimate the variety of FV intake.    
Study findings could be altered by social changes in the variety of FV products that have 
become increasingly available through technological advances and globalisation.  However, a 
study of food repertoires and meal structure of the British diet found these were unchanged 
in the 1990s.335  More generally, an increased availability of different fruits and vegetables 
over the relatively short timeframe of my studies would be unlikely to significantly alter the 
diets measured by the FFQ.  This is because, for participants to broaden their habitual 
variety of intake, they would need to undergo a time-dependent process of decision-making 
to re-construct heuristics for novel FV.107 108 164 201 202  It bears noting that the over-50s in 
EPIC-Norfolk would have been brought up in a food culture of the post-war rationing period 
in British history (ending in 1954),428 and hence would have developed food strategies and 
habits informed by a historical context involving a limited range of food items.  In other 
words, it is expected that the variety scores used as outcomes of interest reasonably 
quantify the sample’s consumption of different fruits and vegetables. 
Finally, scores for FV variety may not measure overall diet quality as adequately as a score 
for diversity of the whole diet, or other published indices.57 58  It is possible that the FV 
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variety scores examined in this dissertation are positively correlated but not fully 
synonymous with overall diet quality,46 47  and may show a different pattern in the relative 
importance of similar determinants.59  Diet quality indices, however, tend to emphasise 
nutrient adequacy and macronutrient distribution and do not generally include variety as a 
distinct component.57 58  Existing indices also rarely address variety within food groups such 
as fruits or vegetables, which was an aspect of diet included in this dissertation.  Others have 
shown that simply measuring the total number of foods consumed may be less appropriate 
for explaining the relationship between overall food variety and diet quality than assessing 
both the heterogeneity and the number of foods.47  The concept of heterogeneity within the 
fruit and vegetable food groups was reflected in the FV variety scores.  In addition, 
measuring the variety of fruits or vegetables consumed appears to be a suitable proxy for 
healthful eating behaviours as similar scores were used in aetiological studies showing 
higher FV variety reduced the risk of prominent chronic conditions.61 62 305 
9.2.3 Generalisability to other populations 
External validity of findings from observational epidemiological studies is always an 
important methodological consideration.  The population-based EPIC-Norfolk cohort has 
similar characteristics to the general UK population, apart from fewer smokers and minimal 
ethnic minorities.212  The sample of over-50s in EPIC-Norfolk used for my studies differed 
from the full cohort in greater prevalence of higher education and social class.  As a result, 
findings cannot be generalised to lower SES populations, or to non-white and younger 
groups in Britain or elsewhere. 
Arguably, findings may be more generalisable to other white, European-origin, relatively 
higher SES groups than to non-European cultures.  However, important regional differences 
in eating behaviours across Europe might limit findings to those of Anglo-Saxon origin, or 
perhaps only to the UK.  There is some evidence that FV intake was more common in 
Southern and Eastern Europe, and tended to be higher among lower status groups.99 237  
Nevertheless, there may be less regional difference in the relative importance of 
determinants of diet, particularly for inequalities in FV consumption.429  In particular, price 
was commonly perceived by unemployed and retired adults as the most important influence 
on their food choice in a nationally-representative survey of 15 European member states.430 
Globally, cultural systems vary widely in their traditional practices such as cuisines and the 
norms of what is acceptable and preferable for eating and body weight.  Cultural differences 
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in, for example, the amount and combinations of food they choose, could therefore hinder 
external validity.  But, cultural limits to generalisability may be less problematic given some 
evidence showing health benefits of a culturally-specific diet were transferred to another 
population.55  Moreover, the importance of food variety for survival has been demonstrated 
in older adults from South East Asia, US and Europe.49 51 53  In addition, reports in Chinese-
based food cultures in Australia and Taiwan are consistent with findings in Chapter 3 that 
greater FH was associated with lower variety in older adults, thus providing some support for 
generalisability to diverse countries. 
Unlike the EPIC-Norfolk study, the Whitehall II study was an occupational cohort largely 
comprised of employed adults in the British civil service.  Participants will therefore differ 
from other working-age groups in non-public sectors of employment in the UK, and 
especially from the general population in the UK and elsewhere.  Thus, results from Chapter 
8 are more limited in external validity than findings from studies in EPIC-Norfolk, but may be 
more generalisable to other occupational cohorts of publically employed adults of similar 
age, such as in Finland where similar results were reported.302  More work is needed in other 
nationally representative adult samples to determine whether parallel findings in the 
Australian population,381 extend to populations in other countries. 
On a final note, between-country variation in policies for welfare, healthcare or mandatory 
retirement might also hinder external validity of my results.  Countries will differ in specific 
social welfare policies affecting the whole population, such as food assistance and feeding 
programmes, and also in regulations for local/regional services and institutions.  Policies and 
regulations are reported to shape what is available to people by restricting the variety and 
location of food choices.367 431  Other policies on public transportation and urban planning 
might affect, for example, older people’s strategies and routines related to food 
procurement and storage.121  National differences in, for example, mandatory retirement 
and social welfare policies raise another consideration about the heterogeneity of over-50s 
studied in this dissertation.  Findings may differ across age subgroups such as some age 
groups (e.g. ‘old old’ aged ≥85) may be more vulnerable to poor diet quality or excess body 
weight from greater FH or poorer social ties.  The country context of retirement and social 
support policies may inform the extent to which vulnerability differs by age subgroups. 
How individuals interpret their experiences of greater FH or lower SES, or poor social ties will 
vary by the broader political context of a given country shaping a person’s economic and 
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social conditions.  It is unclear how the direction of associations would be altered between 
countries with different welfare regimes, such as conservative-corporatist or social-
democratic regimes, compared to the liberal welfare regime of the UK.2  Recent 
international comparative analyses illustrated how even European countries with relatively 
universal and generous welfare policies did not necessarily have smaller health inequities.406  
The comparability of findings from high-income countries, such as the UK, to low-income 
countries is even less clear, as not all countries have shown the same pattern of association 
between obesity and degrees of social disadvantage.68  Furthermore, the role of gender in 
understanding disparities in overweight and obesity may be unique to a development 
context.432  Ultimately, despite agreement that multiple factors describing the political 
environment are important determinants of diet and obesity,66 89 124 426 questions of external 
validity critically depend on the much-needed research on policies related to, for example, 
education, employment or gender discrimination.174 
9.3 Interpretation of findings: revisiting my conceptual framework 
Research on the broad determinants of health and related behaviours is acknowledged as 
being limited in two critical areas: (1) examination of the relative contribution and synergy of 
action among different elements of social disadvantage; and, (2) development of more 
complex causal explanations that could inform preventive action about the multi-level 
interconnected drivers of population health.13 19 20 199  This dissertation aimed to contribute 
to filling the gap in evidence on understanding the relative contribution and inter-
relationships of multiple (presumed) determinants operating within the contextual-level of 
influence,11 particularly regarding older adults’ diet quality as a prominent risk factor for 
chronic conditions.124  It also sought to bring a gender perspective to this work as there is 
still disproportionately too little attention given in the literature to differences between 
women and men.174 187  
Overall, this dissertation indicated that multiple forms of economic and/or social 
disadvantage were each important for understanding differences in the diet quality of older 
adults, but some more so than others and with clear gender differences.  In particular, this 
dissertation indicated the relative importance of conventional SES and novel FH measures 
differed between diet quality and obesity in British women and men who are not 
conventionally considered poor.  One the one hand, financial hardships played a role in 
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variety but SES was relatively more important and stronger, and more so in men than 
women (research question 1).  On the other hand, financial hardships appeared relatively 
more important in associations with obesity than SES, with differences between women and 
men depending on specific hardships and obesity outcomes (research question 4).   
Results from longitudinal analysis of middle-aged civil servants in the UK further suggested 
that the impact on weight gain from cumulative FH differed by gender, with strong 
independent associations found in employed women only (research question 5).  Additional 
investigation of change in multiple correlates of economic disadvantage and obesity pointed 
to the potential role for other biological processes to explain the associations observed in 
women.  The null findings for the potential mechanisms studied were likely due to 
measurement error and/or limitations of the construction of change variables.  Yet, these 
findings were similar to null results of behavioural factors mediating the association 
between conventional SES and weight gain in an EPIC-Norfolk study.366  Evaluation evidence 
has also pointed to the need to consider other putative mediators since an 18-month trial of 
food provision and financial incentives for exercise did not result in long-term weight loss in 
US adults.433 
Taken together, results implied that mechanisms of influence likely vary between risk factors 
of interest.  Whereas mediating pathways of diet quality may involve for example social 
roles, cultural norms and knowledge which go beyond material resources, body weight may 
be more directly influenced by mechanisms related to spending power and material 
resources, including lack of sleep from financial worries and physiological responses to 
hardship-related stress.  From a gender perspective, the plausible role of biological 
mechanisms involving sleep and/or stress may be particularly relevant for FH-obesity 
associations in women.  Research in Finland concluded that sleep might explain why strong 
educational differences in BMI remained in women (but not men) after including mediating 
lifestyle factors.185  
Review evidence supports the independent associations of both insufficient sleep and 
chronic stress, with general and central obesity; although gender differences were not 
considered.411-413  Additional work offers an evolutionary and behavioural ecology 
perspective on how biological factors, such as neuroendrocine pathways, might explain why 
income insecurity and other economic stressors are associated with body weight.  Several 
studies provide support for a physiological fattening response that is triggered by income 
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insecurity as preparation for the perceived risk of future famine.434-436  This dissertation 
concurs with broader literature suggesting that a conceptual framework linking a person’s 
life circumstances to obesity must include a range of factors beyond only common health 
behaviours, particularly the two (diet and physical activity) given central focus for energy 
balance in the Foresight Report.165 
In returning to my conceptual framework, personal factors of physiology such as stress 
responses and taste were conceptualised as among the proximate inputs to the cognitive 
process of food choice decision-making in which trade-offs between sensory perceptions of 
taste and food preferences, and other competing priorities would result in observed 
(un)healthful eating behaviours, and then in medium-term health outcomes, including 
excess body weight.  Rather, it would appear that the complexity of contextual and personal 
inputs to outcomes such as obesity may be translated through automatic processes that are 
not cognitive.  It may be that obesity is the result of a dual process of conscious deliberative 
processes that reconcile competing priorities of diverse inputs into simple heuristics, and of 
biological processes to which individuals remain largely unaware.  That is to say, obesity is 
likely to also be the outcome of unconscious processes involving a person’s affective system 
that responds rapidly to inputs without any cognitive deliberation.203  This ‘irrational’ 
pathway has some support from a recent economic analysis of overeating and obesity.437 
Whether such biological processes act in parallel to, interact with, or override, the cognitive 
processes envisioned in the Food Choice Process Model central to my conceptual framework 
is a question for further investigation.  But, it would appear that conceptual models to 
explain complex causes that could inform preventive action will need to be specific to 
healthful eating behaviours and to obesity, so that a model of obesity avoids the central 
focus on only diet (energy in) and physical activity (energy out).  It is promising that sleeping 
habits were also included in a recent conceptual framework for the key determinants of 
excessive weight gain in European youth.438  Below is an alternative model for mechanisms 
of influence of economic disadvantage on obesity (Figure 9–4) resulting from Chapter 8, 
adapted from earlier work by Sobal.181 
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Figure 9–4  Conceptual model of mechanisms for the influence of economic disadvantage 
upon excess body weight and gain (adapted from Sobal 1991181) 
MVPA, moderate and vigorous physical activity; SB, sedentary behaviours 
Within the social environment, specific attention to different types of social relationships 
showed that marital status played a relatively more important role in diet quality than living 
arrangement and social isolation, particularly for older men (research question 2).  And, new 
evidence on inter-relationships between different social relationships exposed an important 
source of heterogeneity in older people’s social lives that had unique associations with FV 
variety (research question 2).  For example, it was not solely widowhood but rather the 
combination of both widowhood and lone-living that put older people most at risk of lower 
FV variety. 
Even more novel was the demonstration that multiple economic influences interlinked with 
different social ties to reveal highly differentiated categories that were uniquely associated 
with diet quality and differed by gender (research question 3).  Thus, the negative effects of 
low SES or greater FH on variety was buffered by the presence of a given social relationship; 
and, more so in older men than women.  That is to say, relative to older adults who 
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experienced strong economic and social conditions, there was a double burden on diet 
quality of combined disadvantages in diverse economic and social conditions that was worse 
for men.  In addition, women and men differed in which specific economic factor combined 
with a social relationship to produce the greatest double burden on diet quality.  Notably, 
among older adults with strong economic conditions, women and men differed in the effect 
of social disadvantage on fruit variety as all social ties were important for men but only 
friend contact was for women. 
Taken together, results from Chapter 3, Chapter 4 and Chapter 5 suggested that there may 
be some consistency in which specific exposures were most important for older women’s 
and men’s diet quality.  More consistency was seen for the role of two types of social 
relationships in the diet quality of women than for a specific economic indicator.  Thus, it is 
likely that, for women, friend contact mattered most for fruit variety, and marital status for 
vegetable variety.  For men, social class and marital status appeared most consistently 
among the strongest associations observed in relation to both variety outcomes. 
The intrapersonal (ego-centric) perspective incorporated into my conceptual framework was 
useful for interpreting the results of this dissertation as it called out the system of different 
values people need to negotiate including, but not limited to, monetary considerations and 
managing relationships.107 108 164  The role of monetary considerations was also highlighted in 
economic and consumer behaviour literature as prominent among the competing priorities 
people trade-off when purchasing and choosing to eat foods and beverages.94 129 204  Older 
British adults did appear to place strong priority on other daily living expenses that they may 
perceive to be of greater importance, or less flexible, than food; each of the three specific FH 
indicators, especially difficulty paying bills and having enough money for needs, were 
independently associated with fruit variety and vegetable variety for both genders (see 
Figure 9–1 and Figure 9–3).  It is possible that some of these trade-offs involved competing 
priorities of ‘heating or eating’, as shown in poor, older households in the UK and US.204 439  
In the UK, other work showed that unexpected temperature declines was related to 
increased spending on heating and reduced food spending by about 7% across all major food 
categories including storable and perishable products.204  Thus, as others have suggested, 
the important trade-off that economically disadvantaged groups need to make between 
food and paying bills indicates that healthful eating is not just a matter of knowledge and 
choice.155 
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That the social structures of older people’s life circumstances had particular primacy for diet 
quality in this dissertation finds support from the concept of ‘relational agency ’in Feminist 
Critical Theory and Social Constructivist philosophy.  These theories posit that human agency 
is an inherently relational phenomenon as individuals are in reality not isolated, free-
floating, self-reliant people exercising agency in a vacuum but live and make judgements 
embedded within social relations that make individuals dependent on others.16 440 441  
Therefore, individual decisions and actions take place because of the person’s interactions in 
a group.  In Feminist Critical Theory, moreover, each person’s interactions in a given group 
depend on how that group ascribes specific and different roles and statuses to women and 
men.  Relational agency is therefore also a gendered phenomenon inasmuch as women and 
men of the same group have different social positionings, powers and interests within it.442 
As a result, gender will force women and men to make different decisions and prioritise a 
different set of values according to what their role requires them to consider.  For example, 
women are often given the gendered role of the family’s food procurer and/or preparer,116 
but their gender means they also have greater time poverty and limited finances.371 377  Thus 
women’s roles can require trade-offs that demand convenience to minimise time and 
cognitive effort but also require relationship management to maintain harmony in the 
household where others’ preferences and needs differ from their own.107 154 164 
Relational agency might explain not only why specific ‘inputs’ such as social class or marital 
status were relatively more important for diet quality in men for example, but also why men 
showed stronger associations with vegetable variety (compared to fruit variety in women).  
So, in a socio-cultural context where men are ascribed the gendered role of the family’s 
economic provider, the salience of their social class means men will make judgements about 
which different fruits or vegetables to eat based less on monetary considerations than on 
the prestige value.  Research has shown that foods enable people to express their personal 
worth and ability to provide basic needs,371 and also that vegetables are lowest on the 
hierarchy of foods and are most associated with women’s foods (e.g. salads).117  Hence, 
findings here might be explained by the fact that older men were less able to express their 
personal worth, and ability to provide basic needs, through consumption of different 
vegetables than they might from eating different fruits which might offer more prestige 
value particularly if foreign or exotic. The difference in gender roles between women and 
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men also means that men were much less likely than women to have the food preparation 
skills required for eating a variety of different vegetables, compared to fruits.286 
In sum, my empirical results illustrated how diverse economic factors contributed uniquely 
to either diet quality or obesity in older adults and how unique combinations of different 
contextual factors contributed to (un)healthful eating behaviours.  It further demonstrated 
that economic factors interlinked with an older person’s social context in ways distinct to 
each gender that revealed an underlying heterogeneity which was otherwise masked by the 
consideration of only a single condition.206 207 442  The strong differences observed between 
women and men in the relative importance of SES, FH, social ties, and their combinations, 
further highlighted that women and men are dissimilarly situated within the existing power 
structures of society at large.443 444  As a principle of social organisation, gender clearly 
structures how seemingly similar economic and social conditions differentially shape an 
individual’s resources and opportunities (including education).  Hence, this dissertation also 
reaffirmed gender is a fundamental determinant of two prominent risk factors for chronic 
conditions. 
9.4 Implications for future work 
This dissertation ends with a general discussion of further work that could be undertaken in 
future public health research and some recommendations for public health practice.  Each 
topic is addressed in turn below. 
9.4.1 Future directions for public health research 
Given the dominance of cross-sectional analyses in research on dietary determinants, 
change in the economic environment is of special interest for future research particularly 
with respect to financial hardships.445  Despite good evidence that food intake varies by 
factors such as income, price, or cost of living, there is still very limited longitudinal data 
examining what happens to variety in food choice when economic conditions change, 
particularly for older adults at the end of work life and beyond.112 124 247 426  This knowledge 
gap remains despite reported concerns in early the 1970s that increasing inflation and the 
cost of meat, fresh vegetables and fruit might constrain older British people’s choices in diet 
variety.110  Future work should use longitudinal data to unpack how a change in an older 
person’s economic environment might change their diet and how this change might be 
altered by other factors, such as social relationships and physiology (i.e. tooth loss).  For 
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example, analyses should seek to assess (a) how a change in a given economic condition 
influences food variety overall and within subgroups and (b) how economic change interacts 
with change in other factors to influence food variety.  Moreover, different dimensions of 
both SES and FH will need to be included since each economic domain can vary over time as 
a result of broader social changes to work relationships, population income, resource 
distribution, social definition, and meanings of prestige.166 
Similarly, there is value to public health research to also examine the main role of change in 
social conditions in relation to either diet or obesity.  In particular, marital transitions can 
change diet quality in opposing directions according to different types of transition (e.g. into 
marriage versus into widowhood).336 337  Gender will continue to be important for 
understanding the effects of marital transitions on excess weight gain, as suggested by an 
earlier US study.416  Furthermore, the experience and effects of change in social relationships 
should also be studied across levels of SES and FH, given findings in this dissertation that 
older women and men occupied distinct and highly differentiated combinations of economic 
and social categories. 
As an identified knowledge gap,124 the interplay between different aspects of older people’s 
economic and social conditions regarding both diet quality and obesity deserves further 
epidemiological attention in cross-section and over time.  Given the dearth of evidence on 
these linkages, cross-sectional research would support further prospective investigations by 
indicating potentially relevant relationships of combinations of economic and social factors, 
with risk factors of chronic disease.  For example, a cross-sectional study of older Australian 
women found that low education, occupation and ability to cope on available income 
combined to increase the risk of being obese, and that associations with lifestyle factors 
were no stronger with prestige-based measures of SES than with indicators reflecting 
material or psychosocial resources.166  There is scope to continue similar work on older 
adults following recommendations for the use of as many potentially relevant measures of 
economic conditions to (1) better understand how different aspects of their economic 
conditions relate to key risk factors for chronic disease, and (2) avoid any assumptions of 
economic comparability of individuals who are similar on a single economic factor.179  
Equally, inter-relationships between factors describing older people’s social conditions 
should be pursued in future studies.  The potential linkages between economic and social 
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drivers of obesity and weight change is also important to investigate in younger age and/or 
employed populations given the scant literature in this area. 
In addition to factors describing the economic or social conditions of older adults, influences 
of the physical environment also deserve attention in terms of the trade-offs that older 
adults might make in deciding to consume a variety of fruits, vegetables or other foods.  For 
example, factors related to location and transportation should be investigated as they might 
hint at other priorities regarding convenience that could be particularly salient for rural older 
adults. 
Many note the need to reconcile the combination of economic, psychological and biological 
factors to understand (un)healthful eating behaviours and body weight.434-437  With regard to 
obesity and adiposity outcomes, this dissertation pointed to the need for including work on 
potential biological mechanisms that may link economic disadvantages to weight change, 
and which might have greater relevance for women.  Large epidemiological datasets that 
include a diversity of economic variables, anthropometrics as well as biomarkers of life stress 
(e.g. variability in heart rate or cortisol levels in saliva or hair), offer promise for future 
research.  In the absence of clinical measures of sleeping habits, moreover, sleep-related 
questions could be an opportunity for future longitudinal studies to ascertain whether 
different aspects of sleep problems related to worrying might explain, for example, hardship 
differences in subsequent excess weight gain. 
Future mediation analyses would need to be performed separately for women and men and 
possibly for individuals starting with normal weight and overweight/obese.  Of particular 
interest for future research is an assessment of the relative contribution of different 
mechanisms linking the chronic life strains of FH with adiposity, similar to a recent 
prospective study in the Netherlands.74  Three proposed pathways that deserve further 
investigation, potentially in the EPIC cohort, include: health-compromising behaviours (e.g. 
alcohol consumption; intakes of high sugar and/or high fat foods; sedentary behaviours); 
physiological changes (e.g. immune suppression; cardio-endocrine reactivity); and 
psychological traits (e.g. rumination; depressed mood; negative affect; sense of mastery; 
working memory).  
A number of psychological mechanisms theorised in the psychology and behavioural 
economics literature on decision-making could be explored in the relationship between FH, 
both dynamic and chronic, and (un)healthful behaviours or body weight.  Recent work 
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showed how the evocation of financial concerns blocked executive function among poor 
individuals because more mental resources were consumed, with the cognitive impact 
comparable to losing a full night of sleep.446  The constraint or lack of cognitive resources 
from preoccupations with, for example, pressing budgetary concerns was likely to cause 
individuals to make decisions based on affective reactions of their experiential system (i.e. 
sensory-motor processes) instead of their rational system of schematic and cognitive 
processing.203  An economic behavioural study of experimental and survey data indicated a 
link between economic decision-making and depleted behavioural control among individuals 
with fewer financial resources, with greater effects for those with fewer cognitive 
resources.447  The theory of limited attention may be another mechanism implicated in 
associations between economic disadvantage and poor diet or excess body weight.  There is 
also evidence that economic disadvantage is a form of scarcity that has the psychological 
effect of causing individuals to limit their attention on domains where resources are scarce 
and exclude other potentially important decisions.447 448  Thus, future epidemiological 
research could consider examining how executive function, and the interplay with affect, 
acts as mediator and moderator of the impact of dynamic and chronic experiences of 
financial hardship on diet quality or body weight.  
Finally, future public health research should continue to examine food variety specifically, 
and separate food groups such as fruits and vegetables.  The latter is important for ensuring 
that gender analyses adequately capture the unique relationships between different 
contextual factors and variety of intake of food (sub)groups.  Food variety (also referred to 
as diet diversity) is itself an important area deserving more attention in public health 
research because there is little consensus in the literature on standardised methodology for 
assessing this long-standing concept and this absence creates difficulty for comparing 
epidemiological studies of healthful diets in older people.194  In particular, it is unclear 
whether social and economic exposures, or health outcomes, differ between the various 
definitions of the concept used in the literature.  Thus, areas for future research in both 
social and aetiological epidemiology include a comparison of effects of: (a) counts of all 
individual foods eaten; (b) counts of food groups consumed; (c) sum of each food group 
score; (d) counts of different foods within every group; and (e) counts of different foods 
within selected foods groups.  There is also scope for investigating the complementary use of 
potential biomarkers in future food-based analyses given their increased use to assess the 
effects of a person’s overall diet,449 and possible greater importance for health and longevity 
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than individual nutritional components.450-452  For example, plasma flavanols and flavonoid 
subclasses have known protective effects on health,453 and are specific to certain items (e.g. 
citrus fruits, broccoli, beans, pears, grapes) that may be consumed preferentially by 
individuals with more varied intakes.  Similarly, measures of gut microbiota composition 
might also strengthen research on the drivers of food variety in older adults. 
9.4.2 Recommendations for public health practice 
Common to all the literature is the call for more joined-up action by diverse stakeholders 
across different areas of policy and for implementation of a mix of interventions targeted at 
a combination of different determinants of diet and obesity.  Such co-ordinated actions need 
to focus more on structural interventions to limit and redress systematic inequalities in 
society at large rather than on individual-level behaviour change.  Ultimately, it is not just 
public health professionals but all members of society who must work on developing new 
paradigms of knowledge and value systems across all domains of the determinants of diet, 
and the obesity system. 
Policies and interventions to increase FV consumption and support healthy ageing need to 
explicitly call out the importance of variety and consistently include a gender focus that aims 
to improve fruit variety in women and vegetable variety in men.  Promotion of and strategies 
for healthful eating need to be targeted at not just lower educated or lower class groups, but 
also consider that everyday financial troubles can limit uptake of the advice across the SES 
spectrum.  More critically, there is a need for interventions that simultaneously improve 
current economic concerns and social connectivity of older adults who comprise a growing 
population. 
Although knowledge alone does not change behaviour, continuing education directly related 
to skills for money management could serve as a structural intervention to improve older 
adults’ experience of financial hardships.  Medical education and training might benefit from 
knowledge of broad determinants of disease risk factors, particularly the role of financial 
hardship, and of existing programs for referral.  Education in childhood and adulthood 
directly related to healthful food shopping and cooking may be an important area for 
intervention to address gender roles and the generally lower quality diets observed in men.  
There may also be potential for early education in childhood and adolescence that aims to 
cultivate a health-oriented ethos rather than a money/consumption-oriented culture.  Such 
broader cultural change would thereby indirectly influence which values are given greater 
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priority in the food choice decision-making process of the whole population and in turn 
result in more choices favouring healthful eating behaviours.  Interventions to increase the 
availability of different social relationships might include: organising, and providing free 
access to, social activities as well as considering how the design of accommodation for older 
people might support greater social interaction.  As social relationships are complex, 
interventions designed for single or widowed older people will need to be tailored with 
respect to other social factors beyond marital status. 
In terms of recommendations for prevention or reduction of obesity among older adults, 
public health policies and strategies need to support older people in terms of their more 
contemporaneous economic concerns, although SES remains a consideration.  Interventions 
and practice standards might include coping strategies and monetary provisions.  A focus on 
meeting bill payments and managing money for needs might be suitable targets for 
approaches to address obesity in both older women and men.  Interventions that help to 
mitigate prolonged financial concerns would also likely benefit employed women in terms of 
excess weight gain. 
If future research does demonstrate that stress is an important biological pathway for the 
FH-adiposity link in women, then structural and behavioural interventions to reduce or 
mitigate stress response mechanisms will be important.  Some examples to consider for 
evaluation research might be free or heavily-subsidised meditation classes, Tai-Chi, laughter 
therapy, in addition to protected time-out zones in public space and workplaces.  
Nevertheless, the strong associations of FH with obesity and weight gain suggested a need 
for a structural intervention to change the culture surrounding money and what values 
people consider when they structure their existence.  Thus, similar to promotion of healthful 
eating behaviours, early education is an important leverage point to make money matter 
less and to cultivate health as the ultimate goal for the ‘good life’, with potentially important 
implications for healthy ageing. 
Since adults over 50 are more likely than other groups in the population to experience 
changes in their social relationships and also in their financial situations, these moments of 
change are important to target in assessment and intervention. For example, around the 
time of widowhood, assessment of risk to healthful eating, or body weight, among older 
adults will need to consider the individual’s gender and financial situation among other 
factors that characterise their lived experiences.  
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B-1 Characteristics of women and men in the EPIC-Norfolk cohort & sample of over-50s 
 Full cohort  Over-50s 
 Women Men  Women Men 
1993-1997      
Age (yrs) at entry, mean (SD) 59 (9.3) 60 (9.3)  62 (7.1) 63 (7.1) 
Female (%) 55% ̶   55% ̶ 
O-level/ No qualification (%) 54% 39%  52% 38% 
Lowest social classesa (%) 17% 16%  16% 15% 
Deprivedb (%) 17% 16%  15% 13% 
1996-2000 (HLEQ)      
Renter 10% 9%  9% 7% 
Not married (%) 26% 12%  26% 11% 
Living alone (%) 21% 12%  23% 12% 
Rare friend contact (%) 8% 13%  6% 12% 
Rare family contact (%) 5% 9%  4% 8% 
Not enough money for needs 12% 12%  9% 10% 
Often/ always insufficient money for 
food/clothing 
6% 6%  5% 4% 
Great/ very great difficulty paying 
bills 
2% 2%  1% 1% 
1998-2002 (2HC)      
BMI, mean (SD) 26.5 (4.4) 26.9 (3.3)  26.7 (4.4) 26.8 (3.3) 
Moderate/ poor self-rated general 
health (%) 
19% 17%  18% 15% 
Ever smoker (%) 41% 65%  40% 66% 
Total energy intake (kcal/d) 1840 (518) 2100 (596)  1850 (516) 2087 (583) 
Fruit variety score, mean (SD) 7.7 (2.3) 6.7 (2.6)  7.7 (2.3) 6.7 (2.5) 
Vegetable variety score, mean (SD) 16.7 (4.0) 16.0 (4.1)  16.5 (4.0) 15.9 (4.1) 
HLEQ, postal Health and Life Experience Questionnaire (1996-2000); 2HC, second health check (1998-
2002). aPartly skilled (class IV) and unskilled (class V) occupations. bAbove average (>0.0) Townsend 
Deprivation Index (from -6.10 to 6.98).  Numbers in full cohort were: 25,639 at entry; between 7,883 and 
11,232 at HLEQ; and between 15,000 and 17,165 at 2HC. Numbers of over-50s eligible for analysis were 
9,580. 
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B-2 Comparison of entry characteristics between those who responded or not to FH 
questions in the EPIC-Norfolk cohort and sample of over-50s 
 Over-50s (n=20,274)  Full cohort (n=25,639) 
 Responders Non-responders  Responders Non-responders 
Hardship exposure – money 
for needs n=14,307 n=5,967  n=17,953 n=7,686 
Age, mean (SD) 62 (7) 63 (8)  59 (9) 59 (10) 
Women 55% 52%  56% 52% 
No qualification/ O-level 48% 56%  45% 51% 
Lowest social classes 17% 21%  16% 19% 
Moderate/poor health 19% 28%  18% 25% 
Ever smoker  54% 59%  52% 59% 
Physically inactive 60% 66%  58% 62% 
Total calories, mean (SD) 2042 (588) 2015 (604)  2042 (592) 2025 (611) 
BMI, mean (SD) 26.5 (3.8) 26.8 (4.0)  26.3 (3.9) 26.6 (4.0) 
      
Hardship exposure – 
frequency of insufficient for 
food/clothing 
n=14,324 n=5,950  n=17,971 n=7,668 
Age, mean (SD) 62 (7) 63 (8)  59 (9) 59 (10) 
Women 55% 52%  56% 52% 
No qualification/ O-level 52% 44%  45% 51% 
Lowest social classes 17% 21%  16% 19% 
Moderate/poor health 81% 72%  18% 26% 
Ever smoker  54% 59%  52% 59% 
Physically inactive 61% 66%  58% 62% 
Total calories, mean (SD) 2042 (587) 2014 (604)  2043 (592) 2025 (611) 
BMI, mean (SD) 26.5 (3.8) 26.8 (4.0)  26.3 (3.9) 26.6 (4.0) 
      
Hardship exposure – 
difficulty paying bills n=14,347 n=5,927  n=17,998 n= 7,641 
Age, mean (SD) 62 (7) 63 (8)  59 (9) 59 (10) 
Women 55% 52%  56% 52% 
No qualification/ O-level 48% 56%  46% 51% 
Lowest social classes 17% 21%  45% 39% 
Moderate/poor health 19% 28%  18% 26% 
Ever smoker  54% 59%  52% 59% 
Physically inactive 61% 66%  58% 62% 
Total calories, mean (SD) 2042 (587) 2014 (605)  2043 (592) 2025 (612) 
BMI, mean (SD) 26.5 (3.8) 26.8 (4.0)  26.3 (3.9) 26.6 (4.0) 
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B-3 Characteristics of the over-50 sample who responded or not to the FFQ 
 Adults ≥50 years in EPIC 
 FFQ responders n  FFQ non-responders n 
Women 56% 9,933  52% 10,341 
No qualification/O-level 54% 9,927  46% 10,330 
Lowest social classes 16% 9,742  20% 10,014 
Above-average deprived 16% 9,933  18% 10,341 
Irregular car use 78% 9,547  78% 2,041 
BMI (2HC) 26.8 (3.9) 9,887  27.2 (3.9) 2,095 
Ever smoker (2HC) 52% 9,842  56% 3,864 
Moderate/ poor health (2HC) 17% 9,853  24% 3,507 
Not married (2HC) 21% 9,883  25% 3,561 
2HC, Second Health Check (1998-2002) 
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B-4 Adjusted mean nutrient intake associated with sex-specific quintiles of quantity and variety of fruit, or vegetable, intake in older adults in the 
EPIC-Norfolk study 
 Fruit quantity  Fruit variety  Vegetable quantity  Vegetable variety 
 Women Men  Women Men  Women Men  Women Men 
Fibre intake (g)            
Q1 15.26 14.78  18.13 17.69  14.78 14.43  18.75 18.18 
Q2 16.86 16.49  18.82 17.94  16.61 16.34  18.63 17.82 
Q3 18.37 17.60  18.87 18.28  18.21 17.73  18.64 18.08 
Q4 19.77 19.35  19.28 18.50  20.05 19.29  18.91 18.22 
Q5 23.64 22.68  19.48 18.76  24.24 23.10  19.09 18.59 
Vitamin C intake (mg)            
Q1 101 88  132 110  99 83  137 118 
Q2 115 102  138 116  117 101  139 115 
Q3 132 112  140 122  132 115  138 121 
Q4 149 129  147 125  154 132  143 122 
Q5 200 167  149 131  196 168  141 123 
Potassium intake (mg)            
Q1 3429 3485  3727 3747  3448 3483  3740 3772 
Q2 3600 3640  3798 3797  3635 3673  3820 3778 
Q3 3774 3767  3853 3839  3778 3788  3833 3822 
Q4 3954 3941  3887 3879  3969 3927  3867 3874 
Q5 4380 4333  3985 3957  4306 4295  3909 3942 
Magnesium intake (mg)            
Q1 296 305  318 330  306 314  316 324 
Q2 311 319  326 330  313 323  322 326 
Q3 324 331  329 334  324 330  327 331 
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 Fruit quantity  Fruit variety  Vegetable quantity  Vegetable variety 
 Women Men  Women Men  Women Men  Women Men 
Q4 338 343  331 338  334 338  331 339 
Q5 363 370  338 341  357 363  342 352 
Zinc intake (mg)            
Q1 8.71 8.99  8.68 9.11  8.24 8.62  8.64 9.09 
Q2 8.70 9.18  8.74 9.20  8.59 9.00  8.87 9.24 
Q3 8.84 9.21  8.92 9.26  8.85 9.26  8.98 9.31 
Q4 9.00 9.36  9.06 9.44  9.07 9.45  8.90 9.28 
Q5 9.12 9.61  9.21 9.45  9.62 10.02  9.03 9.48 
Vitamin A intake (µg)            
Q1 1327 1329  1222 1263  1108 1159  1220 1281 
Q2 1297 1360  1264 1337  1212 1255  1309 1324 
Q3 1291 1338  1310 1334  1273 1343  1321 1345 
Q4 1284 1332  1397 1372  1341 1372  1363 1400 
Q5 1320 1348  1430 1447  1583 1579  1329 1384 
Gender-specific mean intake of nutrients across quintiles of quantity, or variety, of intake of fruits or vegetables obtained by multivariable linear regression analyses, 
adjusted for energy intake (continuous), baseline age (continuous), and variety (for quantity) or quantity (for variety). All means were significant at p<0.001. Numbers 
analysed were 5,310 for women and 4,270 for men. 
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B-5 Adjusted mean quantity and variety of combined FV in older adults in the EPIC-Norfolk study across levels of SES 
 FV quantity  FV variety 
 Women Men  Women Men 
 Model A Model B: +FH Model A Model B: +FH  Model A Model B: +FH Model A Model B: +FH 
Social Classb          
Professional 595 (569, 621) 599 (571, 626) 524 (497, 550) 522 (494, 549)  25.6 (25.1, 26.2) 25.6 (25.0, 26.2) 24.6 (24.0, 25.1) 24.4 (23.8, 25.0) 
Managerial and 
Technical 
596 (585, 607) 597 (585, 608) 509 (498, 521) 509 (497, 521)  26.3 (25.0, 25.5) 25.3 (25.0, 25.5) 23.7 (23.4, 23.9) 23.6 (23.4, 23.9) 
Skilled non-
manual 
572 (557, 587) 569 (554, 585) 488 (468, 508) 487 (466, 508)  23.9 (23.5, 24.2) 23.8 (23.5, 24.2) 22.2 (21.8, 22.7) 22.3 (21.8, 22.7) 
Skilled manual 581 (566, 596) 576 (560, 592) 480 (464, 496) 481 (464, 498)  23.4 (23.1, 23.7) 23.4 (23.1, 23.8) 21.4 (21.0, 21.7) 21.5 (21.2, 21.9) 
Partly skilled 566 (546, 585) 567 (547, 588) 484 (463, 505) 487 (465, 509)  23.3 (22.9, 23.7) 23.3 (22.9, 23.8) 21.1 (20.6, 21.5) 21.4 (20.9, 21.8) 
Unskilled 563 (527, 599) 549 (510, 588) 455 (406, 505) 455 (402, 508)  22.1 (21.4, 22.9) 22.2 (21.4, 23.1) 20.4 (19.3, 21.4) 20.5 (19.3, 21.6) 
Education          
Degree 598 (578, 618) 597 (576, 617) 524 (505, 543) 520 (500, 540)  26.0 (25.5, 26.4) 25.8 (25.4, 26.2) 24.6 (24.2, 25.0) 24.4 (24.0, 24.8) 
A-level 593 (582, 604) 593 (581, 604) 496 (485, 507) 496 (485, 508)  25.1 (24.9, 25.3) 25.1 (24.8, 25.3) 22.8 (22.6, 23.1) 22.9 (22.7, 23.2) 
O-level 567 (547, 587) 567 (546, 588) 492 (467, 517) 487 (460, 513)  24.4 (24.0, 24.9) 24.4 (24.0, 24.9) 23.0 (22.5, 23.6) 22.9 (22.3, 23.4) 
No qualification 573 (563, 584) 571 (560, 582) 483 (469, 497) 487 (472, 501)  23.0 (22.7, 23.2) 23.0 (22.8, 23.2) 21.1 (20.8, 21.4) 21.3 (21.0, 21.6) 
Home-ownership          
Owner occupier 583 (576, 590) 583 (576, 590) 499 (490, 507) 499 (490, 507)  24.4 (24.3, 24.6) 24.4 (24.3, 24.6) 22.8 (22.7, 23.0) 22.9 (22.7, 23.0) 
Renter, private 576 (532, 620) 578 (533, 622) 470 (421, 520) 472 (422, 522)  23.2 (22.2, 24.1) 23.4 (22.5, 24.4) 21.3 (20.3, 22.4) 21.5 (19.2, 20.9) 
Renter, public 565 (536, 594) 565 (535, 595) 475 (434, 513) 479 (441, 517)  21.8 (21.2, 22.4) 22.1 (21.5, 22.8) 19.8 (19.0, 20.6) 20.1 (20.5, 22.6) 
Gender-specific means (CI95) obtained by linear regression analysis adjusted for energy intake (continuous), baseline age (continuous), and concurrent marital status 
(categorical) (Model A), then for FH (money for needs, frequency of insufficient money for food/clothing, difficulty paying bills) (Model B). Model B numbers: social class 
(8,535); education (8,678); home-ownership (8,538). 
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B-6 Sensitivity analysis of adjusted mean quantity and variety of combined FV in older adults 
in the EPIC-Norfolk study across levels of SES 
 FV quantity  FV variety 
 Women Men  Women Men 
Social Classb      
Professional 569 (545, 592) 486 (462, 510)  25.5 (25.0, 26.0) 24.3 (23.8, 24.8) 
Managerial and 
Technical 
577 (566,587) 488 (487, 499)  25.1 (24.9, 25.4) 23.6 (23.3, 23.8) 
Skilled non-manual 580 (566, 593) 496 (477, 515)  24.0 (23.7, 24.2) 22.3 (21.9, 22.7) 
Skilled manual 597 (584, 611) 504 (490, 519)  23.4 (23.1, 23.7) 21.5 (21.2, 21.8) 
Partly skilled 585 (568, 603) 515 (496, 534)  23.4 (23.0, 23.8) 21.2 (20.8, 21.6) 
Unskilled 605 (572, 637) 500 (455, 545)  22.3 (21.6, 23.0) 20.7 (19.8, 21.7) 
Education      
Degree 564 (546, 582) 485 (468, 502)  25.8 (25.4, 26.2) 24.3 (24.0, 24.7) 
A-level 577 (567, 587) 491 (481, 501)  25.0 (24.8, 25.2) 22.8 (22.6, 23.1) 
O-level 564 (546, 582) 483 (460, 506)  24.6 (24.2, 25.0) 23.1 (22.6, 23.6) 
No qualification 599 (589, 608) 513 (501, 526)  23.0 (22.8, 23.2) 21.2 (20.9, 21.5) 
Home-ownership      
Owner occupier 579 (573, 586) 495 (488, 502)  24.4 (24.3, 24.6) 22.8 (22.7, 23.0) 
Renting, private 596 (557, 636) 497 (452, 542)  23.2 (22.4, 24.1) 21.6 (20.6, 22.5) 
Renting, public 613 (587, 639) 533 (499, 567)  22.0 (21.4, 22.5) 20.0 (19.2, 20.7) 
Gender-specific means (CI95) obtained by linear regression models adjusted for energy intake 
(continuous), baseline age (continuous), concurrent marital status (categorical), and quantity (for 
variety), or variety (for quantity). Numbers were: social class (9,365); education (9,531); and home-
ownership (8,661). 
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B-7 Adjusted mean quantity and variety of combined FV in older adults in the EPIC-Norfolk study across levels of FH 
 FV quantity  FV variety 
 Women Men  Women Men 
 Model A Model B: +SES Model A Model B: +SES  Model A Model B: +SES Model A Model B: +SES 
Enough money for needs 
More than enough 577 (561, 593) 570 (554, 587) 497 (479, 514) 489 (471, 507)  24.9 (24.6, 25.3) 24.3 (23.9, 24.6) 23.7 (23.3, 24.1) 23.1 (22.7, 23.4) 
Just enough 583 (575, 591) 586 (577, 594) 496 (487, 505) 500 (490, 509)  24.2 (24.0, 24.4) 24.4 (24.2, 24.5) 22.5 (22.3, 22.7) 22.7 (22.5, 22.9) 
Less than enough 576 (552, 599) 574 (549, 599) 498 (473, 524) 502 (476, 528)  23.2 (22.6, 23.7) 23.7 (23.2, 24.2) 21.6 (21.0, 22.1) 22.1 (21.6, 22.7) 
Frequency of insufficient money for food/clothing 
Never 582 (573, 591) 581 (572, 590) 500 (490, 510) 499 (489, 509)  24.4 (24.2, 24.6) 24.2 (24.0, 24.4) 22.8 (22.6, 23.1) 22.7 (22.5, 22.9) 
Seldom 584 (569, 599) 588 (573, 603) 494 (477, 510) 499 (482, 516)  24.5 (24.2, 24.8) 24.7 (24.4, 25.0) 22.8 (22.4, 23.1) 23.0 (22.7, 23.4) 
Sometimes 585 (565, 604) 586 (566, 606) 488 (464, 511) 491 (467, 515)  23.8 (23.4, 24.3) 24.3 (23.9, 24.7) 22.4 (21.9, 22.9) 22.9 (22.4, 23.4) 
Often/ Always 550 (518, 583) 549 (515, 583) 478 (438, 518) 481 (440, 523)  22.5 (21.8, 23.2) 23.1 (22.4, 23.8) 20.2 (19.3, 21.1) 20.9 (20.0, 21.8) 
Difficulty paying bills 
None 585 (576, 594) 584 (575, 593) 499 (489, 509) 500 (490, 510)  24.3 (24.1, 24.5) 24.2 (24.0, 24.4) 22.7 (22.5, 22.9) 22.6 (22.4, 22.9) 
Very little 580 (565, 595) 581 (566, 596) 497 (481, 513) 500 (484, 516)  24.7 (24.4, 25.0) 24.8 (24.5, 25.1) 22.8 (22.5, 23.1) 23.0 (22.6, 23.3) 
Slight 589 (563, 615) 594 (568, 621) 485 (455, 514) 485 (455, 515)  24.0 (23.5, 24.6) 24.4 (23.9, 25.0) 23.1 (22.4, 23.7) 23.2 (22.6, 23.8) 
Some 560 (535, 586) 564 (537, 590) 469 (438, 500) 474 (442, 507)  23.4 (22.8, 23.9) 24.0 (23.4, 24.5) 21.8 (21.1, 22.5) 22.4 (21.7, 23.0) 
Great/ Very great 543 (485, 601) 535 (475, 595) 526 (455, 597) 530 (456, 603)  22.0 (20.8, 23.3) 22.5 (21.2, 23.7) 20.3 (18.8, 21.9) 21.2 (19.6, 22.7) 
Gender-specific means (CI95) obtained by linear regression models adjusting for energy intake (continuous), baseline age (continuous), concurrent marital status (categorical) 
(Model A), then for SES (education, social class and home-ownership) (Model B). Model B numbers were: money for needs (8,413); insufficient money for food/clothing (8,417); 
difficulty paying bills (8,425). 
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B-8 Sensitivity analysis of adjusted mean quantity of fruits or vegetables in older adults in the EPIC-Norfolk study across levels of FH 
 Fruit quantity  Vegetable quantity 
 Women Men  Women Men 
 Model 1 Model 2 Model 1 Model 2  Model 1 Model 2 Model 1 Model 2 
Enough money for needs 
More than enough 294 (281, 306) 293(281, 304) 238 (225, 252) 232 (220, 244)  276 (268, 285) 278 (270, 285) 254 (245, 263) 250 (242, 258) 
Just enough 301 (295, 307) 300 (294, 306) 237 (230, 244) 239 (232, 245)  287 (283, 292) 285 (282, 289) 262 (257, 267) 262 (258, 266) 
Less than enough 300 (282, 319) 307 (291, 324) 241 (221, 260) 245 (228, 263)  278 (266, 291) 282 (271, 293) 267 (253, 280) 270 (258, 281) 
Frequency of insufficient enough money for food/clothing 
Never 301 (294, 308) 301 (295, 307) 241 (233, 248) 241 (234, 248)  282 (277, 286) 282 (278, 286) 259 (254, 264) 259 (255, 264) 
Seldom 303 (291, 314) 295 (285, 306) 236 (223, 248) 233 (222, 245)  291 (283, 299) 285 (278, 292) 263 (254, 271) 260 (253, 268) 
Sometimes 298 (282, 313) 303 (289, 317) 226 (207, 244) 229 (213, 245)  288 (278, 299) 286 (277, 295) 265 (253, 278) 260 (250, 271) 
Often/ Always 269 (243, 295) 288 (264, 311) 233 (202, 265) 245 (216, 273)  281 (253, 298) 292 (277, 307) 253 (232, 275) 273 (254, 291) 
Difficulty paying bills 
None 304 (297, 311) 303 (297, 310) 241 (234, 249) 243 (236, 250)  283 (278, 288) 284 (280, 288) 258 (253, 264) 259 (255, 264) 
Very little 294 (283, 305) 290 (279, 300) 236 (223, 248) 233 (222, 244)  289 (281, 296) 283 (276, 289) 265 (257, 274) 263 (256, 270) 
Slight 301 (281, 321) 304 (286, 322) 225 (203, 248) 222 (201, 242)  295 (281, 309) 291 (279, 302) 262 (246, 277) 255 (242, 269) 
Some 291 (271, 311) 298 (280, 316) 219 (195, 244) 228 (205, 250)  271 (257, 285) 275 (263, 287) 256 (239, 273) 257 (242, 271) 
Great/ Very great 261 (215, 307) 286 (245, 327) 246 (191, 301) 250 (200, 300)  286 (255, 317) 295 (268, 322) 288 (250, 326) 306 (274, 339) 
Means and CI95. Model 1 adjusted for energy intake (continuous), baseline age (continuous), concurrent marital status (4 categories), education (4 categories), social class (5 
categories), home-ownership (3 categories), and three lifestyle variables (total alcohol (continuous); physical activity and energy expenditure (continuous); and smoking 
status (3 categories)).  Model 2 adjusted for energy intake (continuous), baseline age (continuous), concurrent marital status (4 categories), education (4 categories), social 
class (5 categories), home-ownership (3 categories), and fruit variety (for fruit quantity) or vegetable variety (for vegetable quantity). Numbers were: money for needs 
(Model 1: 7,997; Model 2: 8,413); insufficient money for food/clothing (Model 1: 8,003; Model 2: 8,417); difficulty paying bills (Model 1: 8,009; Model 2: 8,425). 
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B-9 Sensitivity analysis of adjusted mean variety of fruits or vegetables in older adults in the EPIC-Norfolk study across levels of FH 
 Fruit variety  Vegetable variety 
 Women Men  Women Men 
 Model 1 Model 2 Model 1 Model 2  Model 1 Model 2 Model 1 Model 2 
Enough money for needs 
More than enough 7.8 (7.6, 7.9) 7.8 (7.7, 8.0) 7.0 (6.8, 7.1) 6.9 (6.8, 7.1)  16.4 (16.2, 16.7) 16.6 (16.3, 16.8) 16.1 (15.9, 16.4) 16.2 (16.0, 16.5) 
Just enough 7.8 (7.7, 7.9) 7.7 (7.7, 7.8) 6.8 (6.7, 6.8) 6.7 (6.7, 6.8)  16.7 (16.5, 16.8) 16.6 (16.5, 16.7) 16.0 (15.9, 16.2) 15.9 (15.8, 16.1) 
Less than enough 7.4 (7.2, 7.6) 7.4 (7.2, 7.6) 6.5 (6.3, 6.8) 6.5 (6.3, 6.7)  16.4 (16.0, 16.8) 16.4 (16.1, 16.8) 15.7 (15.3, 16.1) 15.6 (15.2, 15.9) 
Frequency of insufficient money for food/clothing 
Never 7.8 (7.7, 7.8) 7.7 (7.6, 7.8) 6.8 (6.7, 6.9) 6.7 (6.7, 6.8)  16.5 (16.3, 16.6) 16.5 (16.4, 16.7) 15.9 (15.8, 16.1) 16.0 (15.8, 16.1) 
Seldom 7.9 (7.8, 8.1) 7.9 (7.7, 8.0) 6.9 (6.7, 7.0) 6.9 (6.7, 7.0)  16.9 (16.7, 17.1) 16.7 (16.5, 17.0) 16.2 (15.9, 16.5) 16.1 (15.9, 16.3) 
Sometimes 7.6 (7.4, 7.8) 7.6 (7.4, 7.8) 6.8 (6.5, 7.0) 6.8 (6.6, 7.0)  16.7 (16.4, 17.0) 16.6 (16.3, 16.9) 16.3 (16.0, 16.7) 16.1 (15.8, 16.4) 
Often/ Always 7.1 (6.8, 7.4) 7.2 (6.9, 7.5) 6.3 (5.9, 6.7) 6.3 (6.0, 6.7)  16.0 (15.5, 16.6) 16.0 (15.6, 16.5) 14.8 (14.1, 15.4) 14.7 (14.2, 15.3) 
Difficulty paying bills 
None 7.7 (7.7, 7.8) 7.7 (7.6, 7.8) 6.8 (6.7, 6.9) 6.7 (6.6, 6.8)  16.5 (16.3, 16.6) 16.5 (16.3, 16.6) 15.9 (15.8, 16.1) 15.9 (15.8, 16.1) 
Very little 7.9 (7.8, 8.1) 7.9 (7.8, 8.0) 6.8 (6.7, 7.0) 6.8 (6.7, 7.0)  17.0 (16.7, 17.2) 16.8 (16.6, 17.0) 16.1 (15.9, 16.4) 16.0 (15.8, 16.3) 
Slight 7.7 (7.4, 7.9) 7.7 (7.4, 7.9) 6.9 (6.7, 7.2) 7.0 (6.7, 7.2)  16.8 (16.4, 17.2) 16.6 (16.3, 17.0) 16.4 (15.9, 16.9) 16.3 (15.9, 16.7) 
Some 7.5 (7.3, 7.8) 7.6 (7.3, 7.8) 6.6 (6.2, 6.9) 6.6 (6.3, 6.9)  16.5 (16.1, 16.9) 16.6 (16.2, 17.0) 16.0 (15.5, 16.5) 15.9 (15.5, 16.4) 
Great/ Very great 6.9 (6.3, 7.5) 6.9 (6.4, 7.4) 6.6 (5.9, 7.3) 6.5 (5.9, 7.2)  15.9 (14.9, 16.8) 15.8 (15.0, 16.6) 14.9 (13.7, 16.0) 14.2 13.2, 15.2) 
Means and CI95. Model 1 adjusted for energy intake (continuous), baseline age (continuous), concurrent marital status (4 categories), education (4 categories), social 
class (5 categories), home-ownership (3 categories), and three lifestyle variables (total alcohol (continuous); physical activity and energy expenditure (continuous); 
and smoking status (3 categories)). Model 2 adjusted for energy intake (continuous), baseline age (continuous), concurrent marital status (4 categories), education (4 
categories), social class (5 categories), home-ownership (3 categories), and fruit quantity (for fruit variety) or vegetable quantity (for vegetable variety). Numbers 
were: money for needs (Model 1: 7,997; Model 2: 8,413); insufficient money for food/clothing (Model 1: 8,003; Model 2: 8,417); difficulty paying bills (Model 1: 
8,009; Model 2: 8,425). 
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C-10 Sensitivity analysis of quantity of intake in the association between 
family contact and variety of fruits or vegetables by living arrangement and 
by friend contact 
 
C-11 Sensitivity analysis of social class in the association between family 
contact and variety of fruits or vegetables by living arrangement and by 
friend contact 
 
C-12 Association between living arrangement and variety of fruits or 
vegetables by friend contact 
 
C-13 Sensitivity analysis of quantity of intake in the association between 
living arrangement and variety of fruits or vegetables by friend contact 
 
C-14 Sensitivity analysis of social class in the association between living 
arrangement and variety of fruits or vegetables by friend contact 
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C-1 Characteristics of those who responded or not to social relationship questions in the 
EPIC-Norfolk cohort & the eligible over-50 sample 
 EPIC cohort (N=25,639)  Over-50s (N=9,580) 
 Responders Non-responders  Responders Non-responders 
Social exposure – marital status n=12,757 n=12,882  n=6,257 n=3,323 
Women 58% 56%  56% 54% 
No qualification/O-level 43% 46%  45% 48% 
Lower social classes (IV & V) 16% 17%  15% 16% 
Moderate/poor health (2HC) 16% 17%  16% 17% 
Ever smoker (2HC) 49% 52%  50% 53% 
BMI (2HC) 26.5 (4.0) 26.8 (3.9)  26.7 (3.9) 26.8 (3.8) 
Fruit variety score 7.2 (2.4) 7.2 (2.5)  7.3 (2.4) 7.2 (2.5) 
Vegetable variety score 16.3 (4.1) 16.4 (4.2)  16.1 (4.0) 16.2 (4.1) 
Social exposure – living 
arrangement 
n=18,172 n=7,467  n=8,816 n=764 
Women 57% 56%  56% 54% 
No qualification/O-level 44% 47%  45% 51% 
Lower social classes (IV & V) 16% 19%  15% 17% 
Moderate/poor health (2HC) 16% 19%  16% 19% 
Ever smoker (2HC) 50% 54%  51% 53% 
BMI (2HC) 26.6 (4.0) 26.7 (3.9)  26.7 (3.9) 26.9 (3.8) 
Fruit variety score 7.2 (2.5) 7.1 (2.5)  7.2 (2.5) 7.1 (2.4) 
Vegetable variety score 16.4 (4.1) 16.2 (4.3)  16.2 (4.0) 16.0 (4.3) 
Social exposure – friend contact n=17,327 n=8,312  n=8,442 n=1,138 
Women 58% 52%  56% 51% 
No qualification/O-level 43% 50%  45% 54% 
Lower social classes (IV & V) 16% 19%  15% 19% 
Moderate/poor health (2HC) 16% 20%  16% 20% 
Ever smoker (2HC) 50% 55%  51% 55% 
BMI (2HC) 26.6 (4.0) 26.6 (3.9)  26.7 (3.9) 26.9 (3.9) 
Fruit variety score 7.3 (2.4) 6.9 (2.5)  7.3 (2.4) 6.9 (2.5) 
Vegetable variety score 16.4 (4.1) 15.9 (4.4)  16.2 (4.0) 15.6 (4.4) 
Social exposure – family contact n=17,261 n=8,378  n=8,388 n=1,192 
Women 58% 55%  56% 54% 
No qualification/O-level 44% 47%  45% 50% 
Lower social classes (IV & V) 16% 19%  15% 17% 
Moderate/poor health (2HC) 16% 19%  16% 20% 
Ever smoker (2HC) 50% 53%  51% 54% 
BMI (2HC) 26.6 (3.9) 26.7 (4.2)  26.7 (3.9) 26.9 (4.1) 
Fruit variety score 7.2 (2.4) 7.0 (2.5)  7.3 (2.4) 7.0 (2.5) 
Vegetable variety score 16.4 (4.1) 16.0 (4.3)  16.2 (4.0) 15.7 (4.3) 
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C-2 Sensitivity analysis of quantity of intake in gender-specific associations between social 
relationships and scores for variety of fruit or vegetable 
 Fruit Variety  Vegetable Variety 
 Women Men  Women Men 
Marital status 
Partnered ̶ ̶  ̶ ̶ 
Single -0.46 (-0.78, -0.14) -0.72 (-1.16, -0.27)  -1.48 (-2.01, -0.95) -2.37 (-3.05, -1.69) 
Widowed -0.10 (-0.30, 0.11) -0.41 (-0.87, 0.05)  -0.60 (-0.94, -0.26) -1.68 (-2.38, -0.97) 
Divorced/ 
Separated 
-0.04 (-0.30, 0.22) -0.39 (-0.84, 0.07)  -0.15 (-0.59, 0.29) -0.51 (-1.21, 0.19) 
Living arrangement 
Shared ̶ ̶  ̶ ̶ 
Alone -0.26 (-0.40, -0.12) -0.35 (-0.57, -0.13)  -0.59 (-0.82, -0.35) -1.11 (-1.45, -0.78) 
Friend contact 
Daily ̶ ̶  ̶ ̶ 
Weekly 0.05 (-0.20, 0.29) -0.10 (-0.49, 0.28)  0.11 (-0.30, 0.51) 0.27 (-0.32, 0.85) 
Monthly -0.13 (-0.40, 0.13) -0.10 (-0.50, 0.30)  -0.02 (-0.45, 0.42) 0.11 (-0.50, 0.72) 
Rare/ never -0.45 (-0.78, -0.12) -0.83 (-1.26, -0.40)  -0.86 (-1.40, -0.32) -0.85 (-1.51, -0.19) 
Family contact 
Daily ̶ ̶  ̶ ̶ 
Weekly 0.14 (-0.04, 0.32) -0.15 (-0.41, 0.12)  0.76 (0.46, 1.05) 0.26 (-0.14, 0.67) 
Monthly -0.03 (-0.28, 0.21) -0.38 (-0.69, -0.07)  0.40 (0.003, 0.80) 0.03 (-0.44, 0.50) 
Rare/ never -0.37 (-0.70, -0.05) -0.49 (-0.84, -0.14)  -0.26 (-0.80, 0.28) 0.09 (-0.45, 0.63) 
Gender-specific beta coefficients (CI95) obtained by linear regression models adjusting for total energy 
intake, age, education and quantity of fruits (for fruit variety) or vegetables (for vegetable variety).  
References were partnered (married/living as married); shared-living; or, daily contact. Numbers 
analysed were: marital status (Women: 3,523; Men: 2,729); living arrangement (Women: 4,892; Men: 
3,918); friend contact (Women: 4,729; Men: 3,708); family contact (Women: 4,661; Men: 3,721). 
 
 
C-3 Sensitivity analysis of social class in gender-specific associations between social 
relationships and scores for variety of fruit or vegetable 
 Fruit Variety  Vegetable Variety 
 Women Men  Women Men 
Marital status 
Partnered ̶ ̶  ̶ ̶ 
Single -0.44 (-0.79, -0.08) -0.88 (-1.37, -0.39)  -1.67 (-2.29, -1.05)a -3.01 (-3.78, -2.24)a 
Widowed -0.01 (-0.23, 0.21) -0.48 (-1.00, 0.03)  -0.68 (-1.07, -0.29)b -2.12 (-2.92, -1.32)b 
Divorced/ 
Separated 
0.07 (-0.22, 0.36) -0.30 (-0.82, 0.21)  -0.08 (-0.59, 0.42) -0.66 (-1.47, 0.15) 
Living arrangement 
Shared ̶ ̶  ̶ ̶ 
Alone -0.13 (-0.28, 0.03) --0.32 (-0.57, -0.08)  -0.52 (-0.79, -0.25)c -1.43 (-1.81, -1.05)c 
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 Fruit Variety  Vegetable Variety 
 Women Men  Women Men 
Friend contact 
Daily ̶ ̶  ̶ ̶ 
Weekly -0.11 (-0.37, 0.16) -0.42 (-0.86, 0.009)  -0.11 (-0.57, 0.36) -0.16 (-0.84, 0.52) 
Monthly -0.35 (-0.63, -0.06) -0.48 (-0.93, -0.03)  -0.36 (-0.86, 0.14) -0.41 (-1.12, 0.29) 
Rare/ never -0.76 (-1.11, -0.40) -1.07 (-1.55, -0.59)  -1.04 (-1.67, -0.441) -1.32 (-2.08, -0.57) 
Family contact 
Daily ̶ ̶  ̶ ̶ 
Weekly 0.05 (-0.14, 0.25) -0.24 (-0.54, 0.05)  0.66 (0.32, 1.00) 0.06 (-0.40, 0.52) 
Monthly -0.14 (-0.40, 0.12) -0.44 (-0.78, -0.10)  0.17 (-0.29, 0.62) -0.11 (-0.65, 0.42) 
Rare/ never -0.50 (-0.86, -0.15) -0.50 (-0.89, -0.11)  -0.36 (-0.99, 0.26) -0.25 (-0.86, 0.37) 
Gender-specific beta coefficients (CI95) obtained by linear regression models adjusting for total energy 
intake, age, education, and social class.  References were partnered (married/living as married); shared-
living; or, daily contact. Numbers analysed were: marital status (Women: n=3,459; Men: n=2,692); living 
arrangement (Women: n=4,798; Men: n=3,864); contact with any friend (Women: n=4,642; Men: 
n=3,655); and contact with immediate family not living with participant (Women: n=4,580; Men: 
n=3,670). Significant gender difference in vegetable variety for: asingle (p=0.007); bwidowed (p=0.002) 
and clone-living (p=0.000). 
 
C-4 Sensitivity analysis of prior poor health in gender-specific associations between family 
contact and variety of fruits or vegetables 
 Fruit Variety  Vegetable Variety 
 Women (n=4,609) Men (n=3,670)  Women (n=4,609) Men (n=3,670) 
Family contact 
Daily ̶ ̶  ̶ ̶ 
Weekly 0.001 (-0.19, 0.20) -0.25 (-0.55, 0.05)  0.54 (0.21, 0.88) 0.05 (-0.42, 0.51) 
Monthly -0.16 (-0.41, 0.10) -0.44 (-0.78, -0.09)  0.04 (-0.41, 0.49) -0.17 (-0.71, 0.37) 
Rare/ never -0.61 (-0.96, -0.26) -0.47 (-0.86, -0.08)  -0.59 (-1.20, 0.03) -0.21 (-0.83, 0.40) 
Gender-specific beta coefficients (CI95) obtained by linear regression models adjusting for total energy 
intake, age, education, and prior poor health (self-rated general health status, high blood, cancer, and 
stroke; all self-reported at cohort entry).  Reference was daily contact.  
 
C-5 Sensitivity analysis of other lifestyle factors and confounders in gender-specific 
associations between social relationships and scores for variety of fruit or 
vegetable 
 Fruit Variety  Vegetable Variety 
 Women Men  Women Men 
Marital status 
Partnered ̶ ̶  ̶ ̶ 
Single -0.50 (-0.85, -0.15) -0.79 (-1.27, -0.30)  -1.87 (-2.47, -1.26) -2.88 (-3.64, -2.11) 
Widowed -0.07 (-0.30, 0.15) -0.46 (-0.97, 0.06)  -0.85 (-1.24, -0.46) -2.21 (-3.02, -1.39) 
Divorced/ 
Separated 
-0.03 (-0.32, 0.26) -0.41 (-0.91, 0.09)  -0.20 (-0.71, 0.30) -0.82 (-1.61, -0.03) 
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 Fruit Variety  Vegetable Variety 
 Women Men  Women Men 
Living arrangement 
Shared ̶ ̶  ̶ ̶ 
Alone -0.22 (-0.38, -0.06) -0.32 (-0.57, -0.07)  -0.68 (-0.95, -0.40) -1.48 (-1.87, -1.09) 
Friend contact 
Daily ̶ ̶  ̶ ̶ 
Weekly -0.07 (-0.34, 0.19) -0.44 (-0.87, -0.01)  0.05 (-0.42, 0.52) -0.05 (-0.73, 0.63) 
Monthly -0.31 (-0.60, -0.02) -0.54 (-0.99, -0.09)  -0.14 (-0.64, 0.37) -0.22 (-0.93, 0.48) 
Rare/ never -0.69 (-1.05, -0.32) -1.15 (-1.64, -0.67)  -0.85 (-1.49, -0.22) -1.14 (-1.90, -0.38) 
Family contact 
Daily ̶ ̶  ̶ ̶ 
Weekly 0.003 (-0.20, 0.20) -0.26 (-0.56, 0.04)  0.57 (0.23, 0.92) -0.02 (-0.49, 0.45) 
Monthly -0.11 (-0.38, 0.15) -0.51 (-0.86, -0.17)  0.06 (-0.40, 0.53) -0.26 (-0.81, 0.28) 
Rare/ never -0.61 (-0.97, -0.25) -0.52 (-0.92, -0.12)  -0.53 (-1.15, 0.10) -0.20 (-0.82, 0.43) 
Gender-specific beta coefficients (CI95) obtained by linear regression models adjusting for total energy 
intake, age, education, BMI, smoking status, self-reported health status, physical activity and energy 
expenditure (PAEE score), and total alcohol intake (units/week). References were partnered 
(married/living as married); shared-living; or, daily contact. Numbers analysed were: marital status 
(Women: 3,302; Men: 2,593); living arrangement (Women: 4,575; Men: 3,716); friend contact (Women: 
4,420; Men: 3,520); and family contact (Women: 4,358; Men: 3,535). 
 
C-6 Association between marital status and variety of fruits or vegetables by living 
arrangement and by friend contact 
  Fruit variety  Vegetable variety 
Co-living Lone-living  Co-living Lone-living 
Marital Status      
Partnered ̶ ̶  ̶ ̶ 
Single -0.63 (-1.15, -0.12) -0.83 (-1.33, -0.33)  -2.39 (-3.24, -1.53) -2.47 (-3.30, -1.64) 
Widowed -0.08 (-0.59, 0.42) -0.38 (-0.81, 0.04)  -0.40 (-1.23, 0.44) -1.28 (-1.98, -0.57) 
Divorced/ 
Separated 
-0.19 (-0.67, 0.29) -0.29 (-0.76, 0.18)  -0.66 (-1.46, 0.13) -0.28 (-1.06, 0.50) 
 Frequent friend 
contact 
Infrequent friend 
contact 
 Frequent friend 
contact 
Infrequent friend 
contact 
Marital Status 
Partnered ̶ ̶  ̶ ̶ 
Single -0.51 (-0.83, -0.19) -0.89 (-1.66, -0.11)  -2.17 (-2.70, -1.64) -3.28 (-4.57, -2.00) 
Widowed -0.05 (-0.28, 0.18)a -0.71 (-1.28, -0.14)a  -0.87 (-1.25, -0.50)b -2.02 (-2.96, -1.07)b 
Divorced/ 
Separated 
-0.02 (-0.30, 0.27) -0.42 (-1.03, 0.20)  -0.18 (-0.65, 0.30) -0.90 (-1.92, 0.12) 
Beta-coefficients (CI95) adjusted for total energy intake, age, gender and education. Numbers analysed 
were: living arrangement (5,875) and friend contact (5,636). Significant interaction between friend contact 
and widowed: afruit variety (p=0.034); bvegetable variety (p=0.026). 
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C-7 Sensitivity analysis of quantity of intake in the association between marital status and 
variety of fruits or vegetables by living arrangement and by friend contact 
  Fruit variety  Vegetable variety 
Co-living Lone-living  Co-living Lone-living 
Marital Status      
Partnered ̶ ̶  ̶ ̶ 
Single -0.59 (-1.07, -0.11) -0.82 (-1.28, -0.36)  -1.75 (-2.50, -0.99) -1.83 (-2.57, -1.09) 
Widowed 0.01 (-0.46, 0.47) -0.44 (-0.84, -0.05)  -0.22 (-0.96, 0.52) -0.81 (-1.43, -0.19) 
Divorced/ 
Separated 
-0.14 (-0.58, 0.30) -0.37 (-0.81, 0.06)  -0.53 (-1.23, 0.18) 0.01 (-0.68, 0.70) 
 Frequent friend 
contact 
Infrequent friend 
contact 
 Frequent friend 
contact 
Infrequent friend 
contact 
Marital Status 
Partnered ̶ ̶  ̶ ̶ 
Single -0.45 (-0.75, -0.15) -0.96 (-1.68, -0.25)  -1.68 (-2.15, -1.21) -2.66 (-3.80, -1.53) 
Widowed -0.08 (-0.29, 0.13) -0.52 (-1.05, 0.01)  -0.62 (-0.96, -0.29)a -1.53 (-2.37, -0.69)a 
Divorced/ 
Separated 
-0.06 (-0.33, 0.20) -0.45 (-1.02, 0.12)  -0.10 (-0.53, 0.32) -0.42 (-1.33, 0.48) 
Beta-coefficients (CI95) adjusted for total energy intake, age, gender, education and quantity of fruits (for 
fruit variety) or vegetables (for vegetable variety). Numbers analysed were: living arrangement (5,875); 
friend contact (5,636). aSignificant interaction between friend contact and widowed (p=0.045). 
C-8 Sensitivity analysis of social class in the association between marital status and variety 
of fruits or vegetables by living arrangement and by friend contact 
  Fruit variety  Vegetable variety 
Co-living Lone-living  Co-living Lone-living 
Marital Status      
Partnered ̶ ̶  ̶ ̶ 
Single -0.70 (-1.23, -0.18) -0.85 (-1.36, -0.34)  -2.32 (-3.19, -1.45) -2.34 (-3.19, -1.50) 
Widowed -0.03 (-0.54, 0.48) -0.32 (-0.75, 0.11)  -0.30 (-1.14, 0.55) -1.12 (-1.84, -0.41) 
Divorced/ 
Separated 
-0.11 (-0.59, 0.38) -0.22 (-0.70, 0.25)  -0.58 (-1.38, 0.23) -0.18 (-0.97, 0.61) 
 Frequent friend 
contact 
Infrequent friend 
contact 
 Frequent friend 
contact 
Infrequent friend 
contact 
Marital Status 
Partnered ̶ ̶  ̶ ̶ 
Single -0.57 (-0.89, -0.24) -0.82 (-1.62, -0.02)  -2.06 (-2.60, -1.52) -3.13 (-4.45, -1.81) 
Widowed -0.002 (-0.23, 0.23)a -0.69 (-1.27, -0.12)a  -0.73 (-1.11, -0.34)b -1.93 (-2.89, -0.98)b 
Divorced/ 
Separated 
0.03 (-0.26, 0.32) -0.24 (-0.86, 0.38)  -0.14 (-0.63, 0.35) -0.64 (-1.67, 0.39) 
Beta-coefficients (CI95) adjusted for total energy intake, age, gender, education and social class. Numbers 
analysed were: living arrangement (5,785); friend contact (5,548). Significant interaction between friend 
contact and widowed: afruit variety (p=0.027); bvegetable variety (p=0.020). 
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C-9 Association between family contact and variety of fruits or vegetables by living 
arrangement and by friend contact 
  Fruit variety  Vegetable variety 
Co-living Lone-living  Co-living Lone-living 
Family contact      
Daily ̶ ̶  ̶ ̶ 
Weekly -0.05 (-0.23, 0.13) -0.35 (-0.79, 0.09)  0.37 (0.07, 0.66) 0.38 (-0.34, 1.11) 
Monthly -0.27 (-0.50, -0.05) -0.42 (-0.92, 0.08)  0.002 (-0.37, 0.38) 0.28 (-0.54, 1.10) 
Rare/ never -0.48 (-0.76, -0.19) -0.62 (-1.20, -0.04)  -0.13 (-0.60, 0.34) -0.48 (-1.43, 0.47) 
 Frequent friend 
contact 
Infrequent friend 
contact 
 Frequent friend 
contact 
Infrequent friend 
contact 
Family contact 
Daily ̶ ̶  ̶ ̶ 
Weekly -0.08 (-0.25, 0.10) -0.16 (-0.61, 0.30)  0.46 (0.16, 0.75) -0.12 (-0.87, 0.63) 
Monthly -0.25 (-0.48, -0.01) -0.22 (-0.72, 0.28)  0.14 (-0.24, 0.52) -0.45 (-1.28, 0.38) 
Rare/ never -0.44 (-0.74, -0.14) -0.45 (-1.01, 0.11)  0.01 (-0.49, 0.51)a -1.01 (-1.93, -0.08)a 
Beta-coefficients (CI95) adjusted for total energy intake, age, gender and education. Numbers analysed were 
living arrangement (8,344); friend contact (8,047). aSignificant interaction between friend contact and no 
family contact (p=0.056). 
 
C-10 Sensitivity analysis of quantity of intake in the association between family contact and 
variety of fruits or vegetables by living arrangement and by friend contact 
  Fruit variety  Vegetable variety 
Co-living Lone-living  Co-living Lone-living 
Family contact      
Daily ̶ ̶  ̶ ̶ 
Weekly 0.04 (-0.13, 0.20) 0.04 (-0.37, 0.44)  0.58 (0.32, 0.84) 0.63 (-0.01, 1.27) 
Monthly -0.18 (-0.39, 0.03) -0.03 (-0.49, 0.43)  0.30 (-0.03, 0.63) 0.56 (-0.16, 1.28) 
Rare/ never -0.40 (-0.66, -0.14) -0.17 (-0.70, 0.36)  0.18 (-0.24, 0.59) -0.004 (-0.84, 0.84) 
 Frequent friend 
contact 
Infrequent friend 
contact 
 Frequent friend 
contact 
Infrequent friend 
contact 
Family contact 
Daily ̶ ̶  ̶ ̶ 
Weekly 0.06 (-0.11, 0.22) -0.08 (-0.49, 0.34)  0.65 (0.39, 0.91) 0.20 (-0.46, 0.86) 
Monthly -0.12 (-0.33, 0.09) -0.18 (-0.64, 0.29)  0.45 (0.11, 0.79) -0.13 (-0.86, 0.61) 
Rare/ never -0.29 (-0.57, -0.01) -0.41 (-0.93, 0.10)  0.41 (-0.03, 0.86)a -0.57 (-1.39, 0.24)a 
Beta-coefficients (CI95) adjusted for total energy intake, age, gender, education and quantity of fruits (for 
fruit variety) or vegetables (for vegetable variety). Numbers analysed were: living arrangement (8,344); 
friend contact (8,047). aSignificant interaction between friend contact and no family contact (p=0.036). 
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C-11 Sensitivity analysis of social class in the association between family contact and variety 
of fruits or vegetables by living arrangement and by friend contact 
  Fruit variety  Vegetable variety 
Co-living Lone-living  Co-living Lone-living 
Family contact      
Daily ̶ ̶  ̶ ̶ 
Weekly -0.02 (-0.20, 0.16) -0.32 (-0.75, 0.12)  0.44 (0.15, 0.74) 0.44 (-0.29, 1.16) 
Monthly -0.24 (-0.47, -0.02) -0.35 (-0.85, 0.14)  0.10 (-0.28, 0.48) 0.42 (-0.40, 1.25) 
Rare/ never -0.42 (-0.70, -0.13) -0.62 (-1.21, -0.04)  0.001 (-0.48, 0.48) -0.42 (-1.39, 0.55) 
 Frequent friend 
contact 
Infrequent friend 
contact 
 Frequent friend 
contact 
Infrequent friend 
contact 
Family contact 
Daily ̶ ̶  ̶ ̶ 
Weekly -0.04 (-0.22, 0.14) -0.18 (-0.64, 0.28)  0.55 (0.25, 0.85) -0.10 (-0.86, 0.67) 
Monthly -0.19 (-0.43, 0.04) -0.28 (-0.79, 0.22)  0.29 (-0.10, 0.68) -0.41 (-1.25, 0.44) 
Rare/ never -0.40 (-0.70, -0.09) -0.46 (-1.02, 0.10)  0.14 (-0.37, 0.65)a -0.80 (-1.74, 0.13)a 
Beta-coefficients (CI95) adjusted for total energy intake, age, gender, education and social class. Numbers 
analysed were: living arrangement (8,214); friend contact (7,922). aSignificant interaction between friend 
contact and no family contact (p=0.082). 
 
C-12 Association between living arrangement and variety of fruits or vegetables by friend 
contact 
 Fruit variety  Vegetable variety 
Frequent friend 
contact 
Infrequent friend 
contact 
 Frequent friend 
contact 
Infrequent friend 
contact 
Living arrangement      
Shared ̶ ̶  ̶ ̶ 
Alone -0.20 (-0.35, -0.06) -0.48 (-0.81, -0.15)  -0.80 (-1.04, -0.56)a -1.62 (-2.17, -1.07)a 
Beta-coefficients (CI95) adjusted for total energy intake, age, gender and education (n=8,403).  
aSignificant interaction between friend contact and lone-living (p=0.007). 
 
C-13 Sensitivity analysis of quantity of intake in the association between living arrangement 
and variety of fruits or vegetables by friend contact 
 Fruit variety  Vegetable variety 
Frequent friend 
contact 
Infrequent friend 
contact 
 Frequent friend 
contact 
Infrequent friend 
contact 
Living arrangement      
Shared ̶ ̶  ̶ ̶ 
Alone -0.29 (-0.42, -0.15) -0.38 (-0.69, -0.07)  -0.67 (-0.88, -0.46)a -1.22 (-1.70, -0.73)a 
Beta-coefficients (CI95) adjusted for total energy intake, age, gender, education and quantity of fruits (for 
fruit variety) or vegetables (for vegetable variety) (n=8,403).  aSignificant interaction between friend 
contact and lone-living (p=0.041). 
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C-14 Sensitivity analysis of social class in the association between living arrangement and 
variety of fruits or vegetables by friend contact 
 Fruit variety  Vegetable variety 
Frequent friend 
contact 
Infrequent friend 
contact 
 Frequent friend 
contact 
Infrequent friend 
contact 
Living arrangement      
Shared ̶ ̶  ̶ ̶ 
Alone -0.17 (-0.31, -0.02) -0.41 (-0.75, -0.08)  -0.71 (-0.95, -0.47)a -1.47 (-2.03, -0.92)a 
Beta-coefficients (CI95) adjusted for total energy intake, age, gender, education and social class 
(n=8,265).  aSignificant interaction between friend contact and lone-living (p=0.013). 
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Appendix D Supplemental material for Chapter 5 
D-1 Characteristics of older adults in the EPIC-Norfolk study for 
dichotomised economic exposures 
 
D-2 Concurrent socio-demographics of older adults in the EPIC-Norfolk 
study across combinations of economic disadvantage and non-married 
status 
 
D-3 Associations between economic conditions and variety of fruits or 
vegetables in older adults in the EPIC-Norfolk study 
 
D-4 Associations between social relationships and variety of fruits or 
vegetables in older adults in the EPIC-Norfolk study 
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D-1 Characteristics of older adults in the EPIC-Norfolk study for dichotomised economic exposures 
 Women Not 
married 
Lone-
living 
Infrequent 
friend 
contact 
Poor/ 
moderate 
health 
Ever 
smoker 
Irregular 
car use 
Mean (SD) 
BMI 
Mean (SD) 
fruit variety 
(0-11) 
Mean (SD) 
vegetable 
variety (0-16) 
Social class (n=9,407) 
High (n=5,980) 56% 19% 18% 16% 14% 49% 79% 26.5 (3.8) 7.5 (2.4) 16.7 (3.9) 
Low (n=3,427) 54% 18% 16% 20% 21% 55% 75% 27.2 (4.1) 6.9 (2.5) 15.5 (4.1) 
Education (n=9,574) 
High (n=5,200) 63% 19% 17% 16% 14% 51% 79% 26.5 (3.8) 7.5 (2.4) 16.8 (3.9) 
Low (n=4,374) 49% 21% 19% 19% 20% 52% 76% 27.0 (4.0) 7.0 (2.5) 15.6 (4.0) 
Wealth (n=8,829) 
Home-owner (n=8,20) 55% 17% 16% 17% 16% 51% 80% 26.6 (3.9) 7.3 (2.4) 16.4 (4.0) 
Renter (n=809) 61% 43% 37% 18% 26% 54% 59% 27.7 (4.3) 6.7 (2.7) 14.8 (4.2) 
Has more than enough money for needs (n=8,747) 
Yes (n=1,680) 53% 15% 15% 14% 10% 51% 82% 26.2 (3.7) 7.6 (2.4) 16.8 (3.9) 
No (n=7,067) 56% 21% 18% 18% 18% 52% 77% 26.9 (3.9) 7.2 (2.5) 16.1 (4.0) 
Sufficient money to afford clothing/food (n=8,753) 
Yes (n=7,317) 55% 18% 16% 17% 15% 51% 79% 26.6 (3.8) 7.3 (2.4) 16.4 (4.0) 
No (n=1,436) 59% 29% 25% 19% 24% 55% 72% 27.4 (4.4) 7.0 (2.6) 15.8 (4.2) 
Able to pay bills (n=8,762) 
Yes (n=8,038) 55% 18% 17% 17% 15% 51% 78% 26.7 (3.8) 7.3 (2.4) 16.3 (4.0) 
No (n=724) 60% 36% 27% 21% 30% 57% 74% 27.8 (4.6) 6.9 (2.6) 15.7 (4.3) 
Measurement time-points were: sex, education and occupational class (1993-1997); home-ownership, regular car use, and all social relationship and FH measures (1996-2000); 
self-rated general health, smoking status, marital status and dietary intake (1998-2002). 
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D-2 Concurrent socio-demographics of older adults in the EPIC-Norfolk study across 
combinations of economic disadvantage and non-married status 
 Mean 
(SD) 
age 
Women Poor/ 
moderate 
health 
Ever 
smoker 
Irregular 
car use 
Mean 
(SD) 
BMI 
Social class and marital status (n=6,151) 
High class, married (n=3,156) 62 (7) 51% 13% 49% 81% 27 (4) 
High class, non-married (n=764) 64 (8) 79% 18% 47% 64% 26 (4) 
Low class, married (n=1,825) 61 (7) 53% 19% 54% 76% 27 (4) 
Low class, non-married (n=406) 65 (7) 71% 25% 56% 52% 28 (5) 
Education and marital status (n=6,252) 
High education, married (n=2,820) 61 (7) 44% 13% 50% 80% 27 (4) 
High education, non-married (n=642) 63 (8) 74% 17% 49% 66% 26 (5) 
Low education, married (n=2,216) 62 (7) 61% 18% 51% 78% 27 (4) 
Low education, non-married (n=574) 65 (7) 79% 25% 51% 53% 27 (5) 
Home-ownership and marital status (n=5,810) 
Owner-occupier, married (n=4,425) 62 (7) 52% 14% 50% 80% 27 (4) 
Owner-occupier, non-married (n=924) 64 (8) 77% 19% 49% 65% 27 (5) 
Renter, married (n=267) 64 (7) 54% 26% 58% 60% 28 (4) 
Renter, non-married (n=194) 65 (8) 72% 32% 58% 42% 28 (5) 
Money for needs and marital status (n=5,830) 
More than enough, married (n=999) 61 (7) 52% 9% 46% 83% 26 (4) 
More than enough, non-married (n=179) 63 (8) 70% 14% 43% 70% 26 (5) 
Not enough, married (n=3,693) 62 (7) 51% 16% 52% 78% 27 (4) 
Not enough, non-married (n=959) 64 (8) 77% 21% 52% 59% 27 (5) 
Insufficient money for food/clothing and marital status (n=5,836) 
Sufficient money for food, married 
(n=4,007) 
62 (7) 51% 14% 50% 80% 27 (4) 
Sufficient money for food, non-married 
(n=862) 
64 (8) 75% 17% 49% 63% 27 (5) 
Insufficient money for food, married 
(n=690) 
61 (7) 52% 22% 54% 73% 27 (4) 
Insufficient money for food, non-married 
(n=277) 
63 (8) 78% 31% 55% 56% 27 (5) 
Difficulty paying bills and marital status (n=5,839) 
Able to pay bills, married (n=4,388) 62 (7) 52% 14% 50% 79% 27 (4) 
Able to pay bills, non-married (n=967) 64 (7) 75% 17% 49% 61% 27 (4) 
Difficulty paying bills, married (n=309) 61 (7) 48% 26% 58% 77% 28 (5) 
Difficulty paying bills, non-married (n=175) 62 (8) 80% 40% 57% 58% 28 (5) 
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D-3 Associations between economic conditions and variety of fruits or vegetables in older adults in the EPIC-Norfolk study 
 Fruit Variety  Vegetable Variety 
 Women Men  Women Men 
 Model 1 Model 2 Model 1 Model 2  Model 1 Model 2 Model 1 Model 2 
High social class 
Yes reference reference reference reference  reference reference reference reference 
No -0.43 (-0.56, -0.30) -0.50 (-0.67, -0.33) -0.71 (-0.86, -0.56) -0.57 (-0.76, -0.38)  -1.15 (-1.37, -0.93) -1.30 (-1.58, -1.02) -1.59 (-1.84, -1.35) -1.49 (-1.82, -1.17) 
High education 
Yes reference reference reference reference  reference reference reference reference 
No -0.61 (-0.73, -0.48) -0.61 (-0.77, -0.45) -0.52 (-0.67, -0.38) -0.36 (-0.55, -0.17)  -1.39 (-1.60, -1.18) -1.61 (-1.87, -1.34) -1.17 (-1.41, -0.93) -1.05 (-1.37, -0.73) 
Home-owner 
Yes reference reference reference reference  reference reference reference reference 
No -0.71 (-0.94, -0.47) -0.58 (-0.88, -0.29) -0.83 (-1.12, -0.54) -0.77 (-1.14, -0.40)  -1.48 (-1.88, -1.09) -1.47 (-1.97, -0.98) -1.72 (-2.20, -1.23) -1.53 (-2.15, -0.90) 
More than enough money for needs 
Yes reference reference reference reference  reference reference reference reference 
No -0.33 (-0.50, -0.16) -0.30 (-0.50, -0.10) -0.46 (-0.65, -0.28) -0.35 (-0.58, -0.13)  -0.52 (-0.81, -0.24) -0.52 (-0.86, -0.18) -0.81 (-1.12, -0.50) -0.92 (-1.29, -0.54) 
Has sufficient money to afford food/clothing 
Yes reference reference reference reference  reference reference reference reference 
No -0.45 (-0.62, -0.27) -0.40 (-0.61, -0.19) -0.33 (-0.54, -0.13) -0.09 (-0.35, 0.17)  -0.52 (-0.81, -0.23) -0.32 (-0.68, 0.04) -0.69 (-1.04, -0.34) -0.69 (-1.13, -0.26) 
Able to meet payment of bills 
Yes reference reference reference reference  reference reference reference reference 
No -0.54 (-0.77, -0.31) -0.50 (-0.79, -0.21) -0.43 (-0.71, -0.15) -0.11 (-0.46, 0.24)  -0.72 (-1.10, -0.33) -0.42 (-0.91, 0.07) -0.82 (-1.28, -0.35) -0.56 (-0.15, 0.04) 
Gender-specific beta coefficients (CI95) obtained by linear regression models using an interaction term and adjusting for age and energy intake (Model 1), and additionally for all 
three social relationships (Model 2).  Numbers were: social class (Model 1: 9,407; Model 2: 5,522); education (Model 1: 9,574; Model 2: 5,608); home-ownership (Model 1: 8,701; 
Model 2: 5,531); money for needs (Model 1: 8,747; Model 2: 5,572); insufficient money for food/clothing (Model 1: 8,753; Model 2: 5,579); difficulty paying bills (Model 1: 8,762; 
Model 2: 5,582). . 
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D-4 Associations between social relationships and variety of fruits or vegetables in older adults in the EPIC-Norfolk study 
 Fruit Variety  Vegetable Variety 
 Women Men  Women Men 
 Model 1 Model 2 Model 1 Model 2  Model 1 Model 2 Model 1 Model 2 
Married 
Yes reference reference reference reference  reference reference reference reference 
No -0.08 (-0.25, 0.10) -0.09 (-0.28, 0.10) -0.62 (-0.90, -0.34) -0.37 (-0.67, -0.07)  -0.76 (-1.06, -0.46) -0.75 (-1.06, -0.44) -2.07 (-2.55, -1.60) -1.79 (-2.29, -1.30) 
Co-living 
Yes reference reference reference reference  reference reference reference reference 
No -0.16 (-0.32, -0.0004) -0.16 (-0.33, 0.004) -0.35 (-0.58, -0.12) -0.24 (-0.47, -0.003)  -0.57 (-0.84, -0.31) -0.60 (-0.87, -0.33) -1.51 (-1.89, -1.12) -1.32 (-1.71, -0.94) 
Frequent friend contact 
Yes reference reference reference reference  reference reference reference reference 
No -0.54 (-0.73, -0.34) -0.42 (-0.61, -0.22) -0.52 (-0.70, -0.34) -0.49 (-0.67, -0.30)  -0.81 (-1.13, -0.49) -0.53 (-0.85, -0.20) -0.83 (-1.14, -0.53) -0.68 (-0.98, -0.38) 
Gender-specific beta coefficients (CI95) obtained by linear regression models using an interaction term and adjusting for age and energy intake (Model 1) and additionally for all 
six economic exposures (Model 2).  Numbers were: married (Model 1: 6,257; Model 2: 5,628); co-living (Model 1: 8,816; Model 2: 8,414); and frequent friend contact (Model 1: 
8,442; Model 2: 8,086).  
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Appendix E Supplemental material for Chapter 7 
E-1 Sensitivity analysis of other lifestyle factors in the association of SES and 
general and central obesity in older adults in the EPIC-Norfolk study 
 
E-2 Sensitivity analysis of other lifestyle factors in the association of FH and 
odds of general obesity in older adults in the EPIC-Norfolk study 
 
E-3 Sensitivity analysis of other lifestyle factors in the association of FH and 
odds of central obesity in older adults in the EPIC-Norfolk study 
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E-1 Sensitivity analysis of other lifestyle factors in the association of SES and general and 
central obesity in older adults in the EPIC-Norfolk study 
 General obesity  Central obesity 
 Women Men  Women Men 
Social Class (n=4,870) (n=4,006)  (n=4,875) (n=4,010) 
Professional 1.00 1.00  1.00 1.00 
Managerial and 
Technical 1.16 (0.83, 1.61) 1.27 (0.86, 1.86) 
 
0.95 (0.72, 1.24) 
1.00 (0.76, 1.33) 
Skilled non-manual 1.09 (0.77, 1.55) 1.63 (1.07, 2.49)  0.88 (0.66, 1.17) 1.15 (0.84, 1.59) 
Skilled manual 1.41 (1.00, 2.00) 1.61 (1.07, 2.40)  1.04 (0.78, 1.39) 1.09 (0.81, 1.47) 
Partly skilled 1.76 (1.22, 2.53) 1.42 (0.92, 2.19)  1.19 (0.87, 1.61) 1.17 (0.84, 1.61) 
Unskilled 2.09 (1.32, 3.32) 1.36 (1.29, 4.33)  1.55 (1.03, 2.33) 1.36 (0.81, 2.28) 
Education (n=4,968) (n=4,057)  (n=4,973) (n=4,061) 
Degree 1.00 1.00  1.00 1.00 
A-level 1.05 (0.81, 1.36) 1.51 (1.12, 2.03)  1.07 (0.86, 1.34) 1.19 (0.95, 1.49) 
O-level 1.13 (0.83, 1.56) 1.14 (0.75, 1.73)  0.96 (0.73, 1.27) 1.22 (0.90, 1.67) 
No qualification 1.42 (1.10, 1.84) 1.88 (1.37, 2.56)  1.31 (1.05, 1.64) 1.51 (1.19, 1.91) 
Home-ownership (n=4,522) (n=3,689)  (n=4,527) (n=3,693) 
Owner occupier 1.00 1.00  1.00 1.00 
Renting, private 1.35 (0.88, 2.09) 1.43 (0.83, 2.45)  1.33 (0.90, 1.96) 1.18 (0.74, 1.89) 
Renting, public 1.42 (1.05, 1.90) 2.01 (1.37, 2.95)  1.68 (1.29, 2.19) 1.78 (1.26, 2.50) 
Gender-specific odds ratios (CI95) obtained by multivariable logistic regression analysis adjusting for age, 
marital status, smoking status, total energy intake, physical activity and energy expenditure, and total alcohol 
intake.  
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E-2 Sensitivity analysis of other lifestyle factors in the association of FH and odds of general obesity in older adults in the EPIC-Norfolk study 
 Women  Men 
 Model A Model B: A + 
education 
Model C: B + 
social class 
Model D: C + 
home-
ownership 
 Model A Model B: A + 
education 
Model C: B + 
social class 
Model D: C + 
home-ownership 
Enough money for needs 
More than enough 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 
Just enough 1.44 (1.16, 1.78) 1.36 (1.09, 1.69) 1.33 (1.07, 1.66) 1.33 (1.06, 1.66)  1.04 (0.81, 1.33) 0.98 (0.76, 1.26) 0.94 (.73, 1.21) 0.92 (0.71, 1.19) 
Less than enough 2.39 (1.77, 3.22) 2.21 (1.63, 3.00) 2.10 (1.54, 2.87) 1.98 (1.44, 2.72)  2.04 (1.46, 2.84) 1.88 (1.35, 2.63) 1.77 (1.26, 2.49) 1.72 (1.21, 2.44) 
Frequency of insufficient money for food/clothing 
Never 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 
Seldom 1.35 (1.13, 1.62) 1.32 (1.10, 1.59) 1.31 (1.09, 1.58) 1.30 (1.08, 1.56)  1.29 (1.03, 1.62) 1.27 (1.01, 1.59) 1.25 (0.99, 1.57) 1.26 (1.00, 1.59) 
Sometimes 1.55 (1.24, 1.93) 1.50 (1.20, 1.86) 1.48 (1.18, 1.85) 1.41 (1.12, 1.77)  1.36 (1.01, 1.82) 1.31 (0.98, 1.76) 1.30 (0.96, 1.74) 1.23 (0.91, 1.67) 
Often/ Always 1.69 (1.21, 2.37) 1.60 (1.14, 2.25) 1.56 (1.11, 2.19) 1.48 (1.04, 2.10)  2.25 (1.50, 3.37) 2.18 (1.45, 3.28) 2.09 (1.37, 3.18) 2.07 (1.35, 3.17) 
Difficulty paying bills 
None 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 
Very little 1.35 (1.12, 1.62) 1.33 (1.11, 1.60) 1.30 (1.08, 1.57) 1.31 (1.08, 1.57)  1.03 (0.82, 1.29) 1.02 (0.81, 1.28) 1.02 (0.81, 1.29) 1.00 (0.79, 1.26) 
Slight 1.75 (1.33, 2.30) 1.74 (1.32, 2.29) 1.74 (1.32, 2.29) 1.67 (1.26, 2.21)  1.05 (0.72, 1.52) 1.04 (0.71, 1.51) 1.04 (0.71, 1.51) 1.03 (0.71, 1.51) 
Some 2.02 (1.55, 2.64) 1.95 (1.49, 2.55) 1.87 (1.43, 2.45) 1.82 (1.38, 2.40)  1.74 (1.23, 2.46) 1.71 (1.21, 2.42) 1.64 (1.16, 2.34) 1.57 (1.09, 2.27) 
Great/ Very great 2.46 (1.44, 4.21) 2.35 (1.37, 4.02) 2.37 (1.38, 4.07) 2.18 (1.24, 3.83)  3.41 (1.79, 6.47) 3.35 (1.76, 6.37) 3.37 (1.76, 6.44) 3.37 (1.74, 6.55) 
Gender-specific odds ratios (CI95) obtained by multivariable logistic regression analysis adjusting for age, marital status, smoking status, total energy intake, physical 
activity and energy expenditure, and total alcohol intake. Model D numbers of women and men were, respectively: money for needs (4,380; 3,606); insufficient money for 
food/clothing (4,387; 3,605); difficulty paying bills (4,388; 3,610). 
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E-3 Sensitivity analysis of other lifestyle factors in the association of FH and odds of general obesity in older adults in the EPIC-Norfolk study 
 Women  Men 
 Model A Model B: A + 
education 
Model C: B + 
social class 
Model D: C + 
home-
ownership 
 Model A Model B: A + 
education 
Model C: B + 
social class 
Model D: C + 
home-
ownership 
Enough money for needs 
More than enough 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 
Just enough 1.46 (2.21, 1.75) 1.41 (1.17, 1.70) 1.42 (1.18, 1.72) 1.43 (1.18, 1.73)  1.17 (0.96, 1.42) 1.12 (0.91, 1.36) 1.13 (0.92, 1.38) 1.10 (0.90, 1.35) 
Less than enough 2.53 (1.94, 3.31) 2.42 (1.85, 3.18) 2.41 (1.83, 3.18) 2.24 (1.69, 2.98)  1.80 (1.35, 2.39) 1.70 (1.27, 2.26) 1.67 (1.24, 2.24) 1.64 (1.21, 2.21) 
Frequency of insufficient money for food/clothing 
Never 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 
Seldom 1.35 (1.15, 1.59) 1.33 (1.13, 1.57) 1.32 (1.12, 1.56) 1.32 (1.12, 1.55)  1.31 (1.09, 1.57) 1.29 (1.07, 1.55) 1.29 (1.07, 1.56) 1.29 (1.07, 1.56) 
Sometimes 1.48 (1.21, 1.80) 1.45 (1.19, 1.77) 1.44 (1.18, 1.76) 1.38 (1.12, 1.69)  1.49 (1.17, 1.88) 1.45 (1.14, 1.84) 1.46 (1.15, 1.86) 1.43 (1.12, 1.83) 
Often/ Always 1.96 (1.45, 2.66) 1.90 (1.40, 2.57) 1.92 (1.41, 2.60) 1.80 (1.31, 2.46)  1.50 (1.03, 2.18) 1.46 (1.00, 2.13) 1.42 (0.96, 2.09) 1.43 (0.96, 2.13) 
Difficulty paying bills 
None 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 
Very little 1.38 (1.18, 1.62) 1.37 (1.17, 1.61) 1.34 (1.14, 1.58) 1.35 (1.15, 1.60)  1.15 (0.96, 1.38) 1.14 (0.96, 1.37) 1.16 (0.96, 1.39) 1.14 (0.94, 1.37) 
Slight 1.48 (1.15, 1.91) 1.47 (1.15, 1.90) 1.49 (1.15, 1.92) 1.42 (1.09, 1.84)  1.36 (1.02, 1.82) 1.35 (1.01, 1.81) 1.35 (1.01, 1.81) 1.37 (1.02, 1.84) 
Some 1.86 (1.45, 2.38) 1.82 (1.42, 2.33) 1.80 (1.40, 2.30) 1.76 (1.37, 2.27)  1.59 (1.18, 2.15) 1.57 (1.16, 2.12) 1.54 (1.13, 2.09) 1.46 (1.06, 2.01) 
Great/ Very great 3.24 (1.97, 5.33) 3.14 (1.91, 5.18) 3.11 (1.87, 5.17) 2.98 (1.77, 5.02)  1.55 (0.81, 2.95) 1.52 (0.80, 2.90) 1.56 (0.81, 2.98) 1.58 (0.81, 3.06) 
Gender-specific odds ratios (CI95) obtained by multivariable logistic regression analysis adjusting for age, marital status, smoking status, total energy intake, physical activity and 
energy expenditure, and total alcohol intake. Model D numbers of women and men were, respectively: money for needs (4,385; 3,610); insufficient money for food/clothing 
(4,392; 3,609); difficulty paying bills (4,393; 3,614). 
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F-9 Characteristics of self-reported FH for older adults in the Whitehall II 
study 
 
F-10 Odds ratios of general obesity in older adults in the Whitehall II study 
across levels of FH 
 
F-11 Odds ratios of central obesity in older adults in the Whitehall II study 
across levels of FH 
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F-1 Baseline socio-demographic characteristics of Whitehall II cohort participants who 
reported presence or absence of FH at baseline and cumulative over follow-up 
 Cohort at baseline  Cohort followed up 
 Hardshipa No hardshipa  Hardshipb No hardshipb 
FH exposure –insufficient money 
for food/clothing n=1,339 n=5,090  n=2,860 n=2,965 
Age, mean (SD) 44 (6) 45 (6)  44 (6) 45 (6) 
Women 32% 31%  32% 28% 
Not married 26% 24%  26% 23% 
Lowest education (<=16 y) 38% 32%  37% 29% 
Lowest class (clerical/ office 
support) 
30% 18%  29% 13% 
Renter 15% 9%  15% 7% 
Long-standing illness 35% 30%  34% 30% 
Depressed 18% 12%  17% 11% 
Ever smoker  55% 49%  55% 46% 
Not physically active 84% 81%  82% 81% 
Weight (kg), mean (SD) 74 (13) 73 (12)  73 (12) 73 (11) 
Total alcoholc, mean (SD) 10.4 (14) 12 (15)  11 (15) 13 (14) 
FH exposure –difficulty paying 
bills n=1,346 n=5,085  n=2,392 n=3,179 
Age, mean (SD) 44 (6) 45 (6)  44 (6) 45 (6) 
Women 29% 31%  31% 29% 
Not married 24% 25%  25% 23% 
Lowest education (<=16 y) 34% 32%  35% 30% 
Lowest class (clerical/office 
support) 
25% 19%  27% 15% 
Renter 14% 9%  15% 7% 
Long-standing illness 35% 30%  35% 30% 
Depression 18% 12%  18% 11% 
Ever smoker  56% 48%  55% 46% 
Not physically active 82% 82%  81% 81% 
Weight (kg), mean (SD) 75 (13) 73 (12)  74 (13) 73 (12) 
Total alcoholc, mean (SD) 12 (15) 12 (14)  12 (15) 12 (14) 
aReported hardship included responses ‘sometimes’, ‘often’, and ‘always’, or ‘some’, ‘great’, and ‘very 
great’ to baseline FH questions (1985-88). bCumulative hardship constructed from FH data over follow-up 
using the same response cut-points and comprising a reference group (no FH at any time-point), 
occasional hardship (FH at any time-point) and persistent hardship (FH at ≥2 time-points). cTotal alcohol 
intake (units/week) from FFQ was first available at mid-point. 
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F-2 Sensitivity analysis of excluding baseline weight or including additional confounders in 
the independent associations of cumulative FH with adjusted mean weight 
change in middle-aged adults in the Whitehall II study 
 Women 
 Model 1: Excluding baseline 
weight 
Model 2: Including additional 
confounders 
History of insufficient money for food/clothing 
None 4.57 (4.12, 5.02) 4.60 (4.15, 5.06) 
Occasional 5.05 (4.18, 5.91) 5.04 (4.18, 5.90) 
Persistent 6.22 (5.42, 7.01) 6.26 (5.46, 7.05) 
History of great difficulty paying bills 
None 4.65 (4.22, 5.08) 4.67 (4.24, 5.11) 
Occasional 5.62 (4.69, 6.56) 5.60 (4.66, 6.53) 
Persistent 5.82 (4.92, 6.71) 5.90 (5.00, 6.80) 
 Men 
History of insufficient money for food/clothing 
None 4.20 (3.92, 4.49) 4.21 (3.93, 4.50) 
Occasional 4.15 (3.62, 4.69) 4.14 (3.61, 4.68) 
Persistent 4.62 (4.07, 5.17) 4.63 (4.08, 5.19) 
History of great difficulty paying bills 
None 4.18 (3.91, 4.46) 4.21 (3.93, 4.49) 
Occasional 4.70 (4.14, 5.26) 4.73 (4.17, 5.30) 
Persistent 4.25 (3.66, 4.84) 4.16 (3.57, 4.76) 
Gender-specific mean (CI95) weight change (kg) obtained by multivariable linear regression analysis 
adjusting for follow-up years, ethnicity, and midpoint age, current smoker and married, but not for baseline 
weight (Model 1), or adjusting for all covariates, SES and also for midpoint general health, depression, 
anxiety, MVPA and total energy and alcohol intakes (Model 2).  Numbers were: insufficient money for 
food/clothing (Model 1: 3,701; Model 2: 3,671); difficulty paying bills (Model 1: 3,671; Model 2: 3,639). 
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F-3 Robust variance estimates for the independent associations of cumulative FH with 
adjusted mean weight change in middle-aged adults in the Whitehall II study 
 Women 
 Model A Model B: + SES 
History of insufficient money for food/clothing 
None 4.67 (4.15, 5.19) 4.58 (4.06, 5.10) 
Occasional 5.12 (4.30, 5.94) 5.07 (4.18, 5.97) 
Persistent 5.85 (4.99, 6.72) 6.17 (5.19, 7.14) 
History of great difficulty paying bills 
None 4.71 (4.23, 5.19) 4.65 (4.17, 5.14) 
Occasional 5.20 (4.26, 6.13) 5.64 (4.49, 6.78) 
Persistent 5.81 (4.83, 6.79) 5.79 (4.71, 6.86) 
 Men 
History of insufficient money for food/clothing 
None 4.33 (4.07, 4.60) 4.21 (3.95, 4.47) 
Occasional 4.25 (3.82, 4.68) 4.15 (3.67, 4.63) 
Persistent 4.69 (4.17, 5.21) 4.59 (4.02, 5.15) 
History of great difficulty paying bills 
None 4.27 (4.02, 4.52) 4.20 (3.94, 4.45) 
Occasional 4.60 (4.12, 5.08) 4.68 (4.14, 5.21) 
Persistent 4.33 (3.78, 4.89) 4.23 (3.65, 4.81) 
Robust variance estimates for gender-specific mean (CI95) weight change (kg) obtained by STATA command 
vce(robust) in multivariable linear regression analysis adjusting for follow-up years, ethnicity, and midpoint 
age, current smoker and married (Model A), and additionally for SES (Model B).  Numbers were: insufficient 
money for food/clothing (Model A: 4,025; Model B: 3,701); difficulty paying bills (Model A: 3,923; Model B: 
3,671). 
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F-4 Sensitivity analysis of excluding baseline weight or including additional confounders in 
the independent associations of cumulative FH with odds of excess weight gain 
in middle-aged adults in the Whitehall II study 
 Women 
 Model 1: Excluding baseline 
weight 
Model 2: Including additional 
confounders 
History of insufficient money to afford adequate food/clothing 
None 1.00 1.00 
Occasional 1.01 (0.72, 1.43) 0.99 (0.70, 1.39) 
Persistent 1.52 (1.10, 2.10) 1.46 (1.05, 2.04) 
History of difficulty paying bills 
None 1.00 1.00 
Occasional 1.28 (0.89, 1.83) 1.24 (0.86, 1.78) 
Persistent 1.45 (1.02, 2.05) 1.42 (0.99, 2.02) 
 Men 
 Model 1: Excluding baseline 
weight 
Model 2: Including additional 
confounders 
History of insufficient money to afford adequate food/clothing 
None 1.00 1.00 
Occasional 1.06 (0.85, 1.31) 1.01 (0.81, 1.25) 
Persistent 1.18 (0.94, 1.47) 1.14 (0.91, 1.43) 
History of difficulty paying bills 
None 1.00 1.00 
Occasional 1.13 (0.91, 1.41) 1.08 (0.86, 1.35) 
Persistent 1.12 (0.89, 1.41) 1.04 (0.82, 1.32) 
Gender-specific odds ratios (CI95) of gaining ≥5kg obtained by multivariable linear regression analysis 
adjusting for follow-up years, ethnicity, and midpoint age, current smoker and married, but not for 
baseline weight (Model 1), or adjusting for all covariates, SES and also for midpoint general health, 
depression, anxiety, MVPA and total energy and alcohol intakes (Model 2).  Numbers analysed were: 
insufficient money (Model 1: 3701; Model 2: 3,671); difficulty paying bills (Model 1: 3,671; Model 2: 
3,639). 
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F-5 Robust variance estimates for the independent associations of cumulative FH with odds 
of odds of excess weight gain in middle-aged adults in the Whitehall II study 
 Women 
 Model A Model B: A + SES 
History of insufficient money for food/clothing 
None 1.00 1.00 
Occasional 0.95 (0.69, 1.31) 1.01 (0.72, 1.42) 
Persistent 1.42 (1.05, 1.94) 1.45 (1.04, 2.02) 
History of great difficulty paying bills 
None 1.00 1.00 
Occasional 1.12 (0.80, 1.56) 1.26 (0.87, 1.84) 
Persistent 1.42 (1.02, 1.98) 1.39 (0.98, 1.97) 
 Men 
History of insufficient money for food/clothing 
None 1.00 1.00 
Occasional 1.06 (0.87, 1.29) 1.03 (0.83, 1.28) 
Persistent 1.15 (0.94, 1.41) 1.13 (0.91, 1.41) 
History of great difficulty paying bills 
None 1.00 1.00 
Occasional 1.06 (0.87, 1.30) 1.09 (0.88, 1.36) 
Persistent 1.11 (0.90, 1.38) 1.08 (0.86, 1.36) 
Robust variance estimates for gender-specific odds ratios (CI95) of gaining ≥5kg obtained by STATA 
command vce(robust) in multivariable logistic regression analysis adjusting for baseline weight, follow-up 
years, ethnicity, and mid-point age, current smoker and married (Model A), and additionally for SES (Model 
B). Numbers were: insufficient money for food/clothing (Model A: 4,025; Model B: 3,701); difficulty paying 
bills (Model A: 3,923; Model B: 3,671). 
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F-6 Sensitivity analysis of including baseline height in associations between cumulative FH 
and odds of excess weight gain in middle-aged adults in the Whitehall II study 
 Women 
 Model A Model B: A + SES 
History of insufficient money to afford adequate food/clothing 
None 1.00 1.00 
Occasional 0.95 (0.69, 1.30) 1.01 (0.72, 1.42) 
Persistent 1.41 (1.04, 1.90) 1.44 (1.04, 1.99) 
History of difficulty paying bills 
None 1.00 1.00 
Occasional 1.11 (0.80, 1.52) 1.25 (0.87, 1.80) 
Persistent 1.40 (1.01, 1.95) 1.37 (0.96, 1.94) 
 Men 
History of insufficient money to afford adequate food/clothing 
None 1.00 1.00 
Occasional 1.05 (0.87, 1.28) 1.03 (0.83, 1.28) 
Persistent 1.14 (0.93, 1.40) 1.13 (0.90, 1.41) 
History of difficulty paying bills 
None 1.00 1.00 
Occasional 1.05 (0.86, 1.29) 1.09 (0.87, 1.36) 
Persistent 1.11 (0.89, 1.37) 1.08 (0.86, 1.36) 
Gender-specific odds ratios (CI95) of gaining ≥5kg obtained by multivariable logistic regression analysis 
adjusting for baseline height and weight, follow-up years, ethnicity, and mid-point age, current smoker, 
and married (Model A), and additionally for SES (education, occupational status, home-ownership) 
(Model B). Numbers analysed were: insufficient money (Model A: 4,024; Model B: 3,700); difficulty 
paying bills (Model A: 3,922; Model B: 3,670). 
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F-7 Secondary analysis of four levels of cumulative FH associated with odds of excess weight 
in middle-aged adults in the Whitehall II study 
 Women Men 
 OR (CI95) n OR (CI95) n 
History of insufficient money for food/clothing 
None (no FH at any time-point) 1.00 841 1.00 2,124 
Occasional (FH at any time-point) 0.95 (0.70, 1.31) 433 1.06 (0.87, 1.29) 1,014 
Regular (FH at any 2 time-points) 1.40 (0.95, 2.05) 271 0.97 (0.75, 1.25) 550 
Persistent (FH at ≥3 time-points) 1.46 (0.98, 2.19) 221 1.45 (1.09, 1.92) 371 
History of difficulty paying bills 
None (no FH at any time-point) 1.00 925 1.00 2,254 
Occasional (FH at any time-point) 1.12 (0.81, 1.54) 385 1.06 (0.86, 1.30) 869 
Regular (FH at any 2 time-points) 1.23 (0.81, 1.88) 197 0.84 (0.64, 1.10) 466 
Persistent (FH at ≥3 time-points) 1.68 (1.07, 2.64) 164 1.59 (1.18, 2.16) 310 
Gender-specific odds ratios (CI95) obtained by multivariable logistic regression analysis using a sex 
interaction term and adjusting for baseline weight, follow-up years, ethnicity, and mid-point age, current 
smoker, and married. 
 
F-8 Secondary analysis of a stringent threshold for cumulative FH associated with odds of 
excess weight gain in middle-aged adults in the Whitehall II study 
 Women Men 
 OR (CI95) n OR (CI95) n 
History of insufficient money for food/clothing 
None (no FH at any time-point) 1.00 1,135 1.00 2,783 
Occasional (FH at any time-point) 1.67 (1.14, 2.46) 233 1.04 (0.80, 1.34) 492 
Persistent (FH at ≥2 time-points) 1.27 (0.69, 2.33) 98 1.25 (0.87, 1.78) 231 
History of difficulty paying bills 
None (no FH at any time-point) 1.00 1,218 1.00 3,020 
Occasional (FH at any time-point) 1.52 (0.88, 2.65) 128 1.16 (0.80, 1.69) 236 
Persistent (FH at ≥2 time-points) 1.05 (0.46, 2.43) 47 1.24 (0.70, 2.18) 96 
Gender-specific odds ratios (CI95) obtained by multivariable logistic regression analysis using a sex 
interaction term and adjusting for baseline weight, follow-up years, ethnicity, and mid-point age, current 
smoker, and married.  Stringent threshold based on FH responses ‘often’ and ‘always’, or ‘great’ and ‘very 
great’.  
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F-9 Characteristics of older adults in Whitehall II study across levels of self-reported financial hardship 
 Women Non-
white 
Not 
married 
Lower 
educationa 
Lower social 
classb 
Renterc Poor/ fair 
health 
Ever 
smoker 
General 
obesity 
Central 
obesity 
Frequency of insufficient money (n=2,423) 
Never (n=1,390) 29% 7% 20% 37% 18% 8% 8% 51% 8% 9% 
Seldom (n=660) 36% 13% 20% 42% 28% 12% 11% 54% 12% 12% 
Sometimes (n=263) 38% 24% 26% 46% 38% 17% 16% 54% 16% 14% 
Often/ Always (n=110) 45% 21% 35% 51% 46% 27% 19% 65% 16% 17% 
Difficulty paying bills (n=2,423) 
Very little (n=1,660) 32% 9% 20% 39% 21% 9% 8% 51% 9% 9% 
Slight (n=421) 31% 11% 21% 41% 27% 11% 13% 55% 12% 12% 
Some (n=294) 36% 20% 28% 46% 36% 20% 18% 56% 14% 14% 
Great/ Very great (n=48) 44% 31% 27% 33% 46% 17% 13% 46% 21% 25% 
Measurement time-points were: sex, age, education, class, accommodation, ethnicity (1985-1988); financial hardship measures (1989-90); self-rated general health, smoking 
status, marital status and obesity (1991-94). aUp to age 16; bClerical/office support employment grade. cAccommodation type: council housing; private and furnished; private and 
unfurnished.  
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F-10 Odds ratio of general obesity in older adults in the Whitehall II study across levels of FH 
 Women 
 Model A Model B: A + 
education 
Model C: B + social 
class 
Model D: C + home-
ownership 
Frequency of insufficient money for food/clothing 
Never 1.00 1.00 1.00 1.00 
Seldom 1.16 (0.81, 1.66) 1.27 (0.82, 1.97) 1.26 (0.81, 1.95) 1.27 (0.82, 1.96) 
Sometimes 1.74 (1.10, 2.75) 2.00 (1.16, 3.43) 1.96 (1.14, 3.37) 1.87 (1.08, 3.23) 
Often/ Always 1.79 (0.97, 3.31) 2.06 (1.03, 4.14) 2.02 (1.00, 4.07) 1.99 (0.98, 4.01) 
Difficulty paying bills 
Very little 1.00 1.00 1.00 1.00 
Slight 1.49 (0.996, 2.22) 1.40 (0.86, 2.29) 1.38 (0.84, 2.26) 1.37 (0.83, 2.24) 
Some 1.60 (1.03, 2.48) 1.70 (1.02, 2.84) 1.67 (1.00, 2.79) 1.59 (0.94, 2.66) 
Great/ Very great 1.95 (0.74, 5.13) 2.19 (0.81, 5.92) 2.19 (0.81, 5.91) 2.17 (0.80, 5.86) 
 Men 
Frequency of insufficient money for food/clothing 
Never 1.00 1.00 1.00 1.00 
Seldom 1.48 (1.01, 2.17) 1.60 (1.04, 2.47) 1.58 (1.02, 2.44) 1.58 (1.02, 2.46) 
Sometimes 1.65 (0.96, 2.81) 1.99 (1.13, 3.52) 1.94 (1.09, 3.45) 1.95 (1.10, 3.46) 
Often/ Always 1.74 (0.81, 3.77) 1.47 (0.56, 3.85) 1.42 (0.54, 3.74) 1.41 (0.54, 3.71) 
Difficulty paying bills 
Very little 1.00 1.00 1.00 1.00 
Slight 1.08 (0.70, 1.68) 1.30 (0.80, 2.10) 1.27 (0.78, 2.06) 1.26 (0.78, 2.05) 
Some 0.97 (0.56, 1.69) 1.16 (0.65, 2.09) 1.13 (0.63, 2.03) 1.14 (0.63, 2.06) 
Great/ Very great 2.00 (0.76, 5.26) 2.42 (0.81, 7.23) 2.27 (0.75, 6.83) 2.25 (0.75, 6.78) 
Gender-specific odds ratios (CI95) obtained by multivariable logistic regression adjusting for age, marital status, smoking 
status, and ethnicity (Model A). Numbers for both exposures were: 3,258 (Model A) and 2,428 (Model D). 
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F-11 Odds ratio of central obesity in older adults in the Whitehall II study across levels of FH 
 Women 
 Model A Model B: A + 
education 
Model C: B + social 
class 
Model D: C + home-
ownership 
Frequency of insufficient money for food/clothing 
Never 1.00 1.00 1.00 1.00 
Seldom 1.25 (0.86, 1.80) 1.37 (0.88, 2.13) 1.35 (0.87, 2.10) 1.32 (0.85, 2.07) 
Sometimes 1.45 (0.88, 2.37) 1.61 (0.90, 2.85) 1.56 (0.87, 2.77) 1.49 (0.83, 2.67) 
Often/ Always 1.88 (1.10, 3.50) 2.11 (1.05, 4.25) 2.04 (1.01, 4.12) 2.06 (1.02, 4.18) 
Difficulty paying bills 
Very little 1.00 1.00 1.00 1.00 
Slight 1.59 (1.06, 2.40) 1.52 (0.93, 2.49) 1.50 (0.91, 2.46) 1.51 (0.92, 2.49) 
Some 1.76 (1.12, 2.76) 1.66 (0.98, 2.81) 1.63 (0.96, 2.76) 1.57 (0.92, 2.69) 
Great/ Very great 2.23 (0.85, 5.84) 2.39 (0.89, 6.42) 2.37 (0.88, 6.38) 2.43 (0.90, 6.55) 
 Men 
Frequency of insufficient money for food/clothing 
Never 1.00 1.00 1.00 1.00 
Seldom 1.45 (1.02, 2.07) 1.31 (0.87, 1.97) 1.27 (0.84, 1.93) 1.28 (0.85, 1.94) 
Sometimes 1.25 (0.73, 2.13) 1.51 (0.86, 2.63) 1.45 (0.82, 2.54) 1.45 (0.83, 2.55) 
Often/ Always 1.98 (1.01, 3.89) 1.33 (0.55, 3.22) 1.25 (0.51, 3.04) 1.24 (0.51, 3.03) 
Difficulty paying bills 
Very little 1.00 1.00 1.00 1.00 
Slight 1.18 (0.78, 1.77) 1.25 (0.79, 1.99) 1.22 (0.76, 1.94) 1.21 (0.76, 1.92) 
Some 1.31 (0.81, 2.11) 1.42 (0.84, 2.39) 1.37 (0.81, 2.32) 1.40 (0.83, 2.37) 
Great/ Very great 3.21 (1.43, 7.23) 3.52 (1.37, 9.02) 3.27 (1.27, 8.47) 3.27 (1.26, 8.47) 
Gender-specific odds ratios (CI95) obtained by multivariable logistic regression adjusting for age, marital status, smoking 
status, and ethnicity (Model A). Numbers for both exposures were: 3,220 (Model A) and 2,427 (Model D). 
 
  
 
